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Déplacer Point1 de x et y implique de déplacer Point2 avec la même ordonnée
Déplacer Point2 n’est permis que si la nouvelle ordonnée est la même que celle de Point1
Translater Point1 de dx et dy implique de translater Point2 de la même valeur
Translater Point2 n’est permis que si la nouvelle ordonnée de Point2 est la même que celle de Point1

aligner-2-sur-1(Point1, Point2)

p1
p2
p3

p4
p5
p6

DépendancesObjets
aligner(Point3, Point1)

Déplacer Point3 de x et y implique de déplacer Point1 avec la même ordonnée
Déplacer Point1 de x et y implique de déplacer Point3 avec la même ordonnée
Translater Point1 de dx et dy implique de translater Point3 de la même valeur
Translater Point3 de dx et dy implique de translater Point1 de la même valeury

Point

Déplacer
x

Translater
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objet (données + méthodes intrinsèques) envoi de message
dépendance

aligner(p3, p1)
aligner(p5, p6)
aligner-2-sur-1(p1, p2)

gestion locale du contexte relationnel

évaluation de : x = (x point1)

p1

aligner-2-sur-1
aligner

p3
o2

p5

p6

aligner

déplacer

déplacer

déplacer

p4
déplacer

]xl?uPc*m�` Ý�]�è Î ¦ r `,r�yZqPl5e�`�s5`,n�n
j�uZ`0t,d�`,r�e�c�k*m�`,r�j)r/d�`\r f�qZs5k*d�`0p�j�e�qZr*r*t,`�e�� c*r f�qZr�d9`��*d9`ãp?q*f,j�pe�� l?r�d9`,m�k*m9t,d�j�d�l#qZrCe�� c*r5s `,n9n�j�uP`	n�qPc*nho�qZm9s `¨e�`2e�t,kA`,r�e%j�r�f�` ]
�5­�¬ � "��C°�·,±>·!³2°#&
z qZc*nhk*m9qZk�qZn9qPr%ngs�j�l?r�d9`,r�j)r�dGÊZc*`,p�ÊZc*`,nUe�t���r%l#d�l?qPr*nUÊZc*l*r*qZc*ngkA`,m�s5`,d�d9`,r�dUe�`¨e�t���r*l?mgk%p#c%n>o�qPm�s5`,p?p?`,s `,r�dr*qZd9m9`	s q{e{�,p?` ]
	�, � ,.- � H
I ��7�,
ì�qZl#d���pK� `,r*n�`,s=a*p?`¨e{`,n4qZaPw�`,d9n-���8c*r�qPaPw�`\d4ÊPc%`,p�f�qPr�ÊZc*`2e�`���`,n�d¨e�t��Ar*lLk�j)mUp?`,nUk*m9qZk*m9l?t,d�t,n4n�c*l?yPj�r�d9`\nLÎ
� c*r ¹�Á9½-ÁK�Lr*qZd9t��
	����\�GÊZc*lb`\n9d}f�qZs5kAqPn�t~e�`=yPj)p?`,c*m9nJe�`=dK��k�`,nJe�`=a�j�n�`�Ï�`,r�d�l#`\m9n!�bf�i�j �?r*`,n}e�`5f\j�m
jZf�Ìd9�,m�`,n ]?]?]�Þ qPc7eF� j)c*d9m�`,n4qZaPw�`,d�n ]
� c*r�`,r*n9`\s=a*p?`¨e�`1(=¹�Á7+*Ã!¸Z»4-�
�	����hkA`,m9s `,d9d�j�r�d4e�`	s5q*e�lR��`,mhpK� t,d
j)d�e�`	pK� qPaPw�`\d ]Ë j�mU`��*d9`\r*n9l?qPrx����	��
����� ð ��������� �����h`,n�d4pK� t,d
j)d4e�� c*r�`,r*n9`\s=a*p?`¨e�� qPaPw�`,d9n ] ä `2k*p?c*n-��qPrCe�t���r%l#d�� f�qPs5s `pK� `,r*n9`\s=a*p?`¨e�`,nUt\d
j�d�n¨e�`\n4qPaPw�`,d9n4e�`���`,d���pK� `,r*n�`,s=a*p?`¨e�`\n4s5t\d9i*q*e�`,n ]

�=�>�Lb:���)�*�!�ed�SW� � �LS>�#U�Q/�-�Ld��x�fZì�qZl#dhp�j	o:qPr�f�d�l?qPrCe���½�ºZº�À�Â:¾
½NÁ�Â:Ã�¼
����� � �
! �#" � ! 	$"%�

z qZc*n4r%qPd9qZr*n&��'(	����Up?`	r*qZc*yP`,pxt,d
j)d4m�t,n9c*p?d�j�r�d¨e�`	pK��j�k*k%p#l�f,j)d9l?qPr5eF� c%r*`2s5t\d9i*q*e�` ! n�c*mUpK� t,d
j)d4e�� c*r�qPaPw�`,d
�hÎ ! 	)�
	����*�,+-��'.	���� ]�� r�k�j)m9d9l�f�c%p#l?`,m-��d9qZc*nUp?`,ngqZaPw�`,d�n4kAqPn9n��!e�`,r�d(pÄj8s5t\d9i*q*e�`(lÄe{`,r�d9l?d9t�/�05ÊZc*lLj)k*k*p?l�ÊZc*t,`vJc*r�qPaPw�`,dUr*`	s5q*e�lR��`Uk�j)nUpK� t\d
j�d4e{`¨pK� qPaPw�`,dLÎ �$01	$��	����*�2+3�
	����2+3�5456(	���� ]
Ë j�mU`��*d�`,r*n9l?qZrL�*r*qZc*n4e�t��Ar*l?n9n9qZr*n4p�j«o�qPrAf�d9l?qPr�e���½�ºZº�À�Â:¾
½NÁ�Â:Ã�¼Js=c*p?d9l?k*p?`
	7�8�����9� � ���
	:	 ! �;� �
�#�<�%	 ! ð ��� ð �5������	 ! �1� ���.�*� � ��	:	 ! �����
�=�5	 ! ð ��� ð �5	 !
> ��� > �5������	 ! �1� ���1�*�



��� ¦ r�s q{e{�,p?`¨e�`2e�t,kA`,r�e%j�r�f�`\n
z qZd9qZr*n5ÊZc*`Cf�`,d9d�`Oe�t��Ar*l?d9l?qPrãr*`�k*m�t!f�l?n9`CkAj�n=pK� qPm
e{m9`Ce���j�k*k%p#l�f,j)d9l?qPr%n}e�`,n=s t,d9i*q*e�`\n ] ä `�k*p?c*n!�IqPr�jpK� t!ÊZc*l?yPj�p?`,r�f�`(n9c*l?yPj)r/d�`bÎ�	)� '�� 	��
�5�5�=� '�� 	�� ð �5������� � + � 	:	 ! ��� �
�#�5	 ! ð � � ð �5����� �
	�, � , � /13 >��56	�	�L6D@���,
ì�qZl#d�� pK� `,r*n9`\s=a*p?`4e�`,n¨e{t,k�`\r�e*j�rAf�`,n!����� � ]¦ r%`«e{t,k�`\r�e*j�rAf�`P� 0A��`,n�d¨f,j)m
jPf�d9t,m�l#n�t,`Jk�j�mLÎ
� c*r�¼�Ã�(J�
� � 	)0(�,�Zc*r0»\¼�-!»s(#�,À?»Ue�� qPaPw�`,d9n(k�j�m�d9l�f�l?k�j�r�d�n!� � 	$0 � +
	 �(� ���)� ����� �%������������


� c*r*`	º�¿9Ã�º�¿�Â�¹�Á^¹\� ���	��� 6 ÊZc*`8p#`\nUqPaPw�`,d�nUk�j�m�d9l�f�l?k�j)r/d�n4e�qPl?yZ`,r�dUyPt,m�l��A`,m ]
	)����� � 	���� ! �:��� !���� �
	)�
	����<�#�
	����$�5���������=��	���� �*� � ���	��� 6 	)�
	����<�#�
	���� �<�%�������#�
	����(�*�

� c*rë¾�Ã�((º{Ã)¿�Á^» (~»\¼�Á2¸ *�¼�½9(}Â � &*»,��������ÊZc*l>n9kAt!f�lR��`=f�qZs5s5`\r/dhp�j=f�qPi%t,m9`,rAf�`5e�`JpÄj=e{t,k�`\r�e*j�rAf�`=`,n9dj�n9n�c*m9t\`}n�c*l?d9`}v�pÄj�¿9¹�¾�»^º*ÁKÂ�Ã�¼5eF� c%r7s `,n9n�j�uZ` ]
_ pLm9`\r�eCc%r*`2p?l?n9d9`Je�`2s5t\d9i*q*e�`,n4v j�k*k%p#l�ÊZc*`,mUn�c*m4p?`,nk�j�m�d9l�f�l?k�j�r�d�n4e�`	pÄjJe�t,kA`,r�e%j�r�f�` ]
� ����� � � 	 ��� ��� �
0 � ! � � �!��� 	)0 � ! �����

ì�qPl?`,r�d�0#"$� ����" � 	)0(�<� ! " 
�	����,�
��� 	)0 � ! � ���%��"�
 0 	:	 ! � �������5	 ! ��� � �������5	 ! �����)� ������� �5����� �d9`,p>ÊPc%` �&�	��� 6 	)��	'��� 	$0 � ! � ���*�)( ��	�� 	$0 �:�*�:� +*�+� ! �q*) ��� � �����,"�j � 	$0(�b`,d ! ��" 
�	������<� ! ����" 
�	��������5� ! ������" 
�	����������

z qPd�qPr*n2ÊZc*` ��� �������$�����AkA`,c*yP`\r/d�',d9m�`=t,u/j)c���f�`5ÊZc*l>n9l?uZr*lR��`~ÊZc*`Jk*p?c*n�l#`\c*m9n2s `,n9n�j�uZ`,n	k�`,c%yP`,r�d�',d�m9`jPe�m�`,n9n�t,ngvUc%r2sO',s `LqZaPw�`,d��PÊZc*` ��� � �����)������kA`,c*yP`\r/dL',d�m9`ht,u/j)c��}v ���Pf�`gÊZc*l�n9l?uPr*lR��`hÊPc%`bpK� qZaPw�`,dLj-��j�r�dm9`lk�c�p?`}s `,n9n�j�uP` � kA`,c*d}j)k*k*p?l�ÊZc*`,m2p�j s5t,d�i*q*e�`Jl#r�yZq{ÊZc*t\`=qPc�m9`!f�`\yPqPl?m=e�`=r*qZc*yP`!j)c���s5`,n�n
j�uZ`,n ]ä `�s ',s5`P� ! �Uk�`\c*dO',d�m9`Ct\u/j�p?`�v ! `,d ! � � ! ���)�������Fk�`,c%yP`,r�dO'\d9m9`"t,u/j)c�� ] _ pho�j)c*d=m9`\s7j�m�ÊZc*`,m=ÊPc%`p�� qZm
e�m�`}e�� t,yPj�p?c�j)d9l?qPrCe�`Jp�j=p?l?n9d�`}e�`,n2s t,d9i%q{e{`,n4m�`,r�e�c*`=kAj�m4p?`=f�qPs k�qZm9d�`,s5`,r�d4e���r�j)s5l�ÊZc*`	rL� `,n9dk�j�nUk*m�t!f�l?n9t ]
�(d��LQ����cS��)��Z
� _�qPm�n
ÊZc*`Jp�j=k*m�qPk*m�l#t\d9t=e�� c*r*`=e�t,kA`,r�e*j)r�f�`=`,n�d2yPt,m�lR��t,`P��`\p#p?`J`,n9d2e�l?d�`§¾�Ã�+*¹,¿9»\¼�Á9» ] _b� `��*k*m�`,n9n�l#qZr�e{`f�`,d9d�`2k*m�qPk*m�l#t\d9t2kA`,c*dD',d9m�`2`��*k*p?l�f�l?d9`	n9qZc*nho�qPm�s5`	e�� c*r5k*m�t!e�l�f,j)d4qPc l?s5k*p?l�f�l?d9` ]ì�qPl?d�0-".��� 0=`,n�d¨f�qZi*t,m�`,r�d9`2n�l ���	��� 6 	$� 	�� 	)0(�:�*�2+
�+� ! � ]

�(dfSx�!�����-� � � �LSKd����-����Z
� Æ r�r*qZd9`0/�	���� +1	32 � ��2 ð ����������2 � 
=p�� `,r%n9`,s=a*p?`2qZm
e�qZr*r*t5e�`\n}e�t,kA`,r�e*j)r�f�`,n=m�`,p�j�d�l#yZ`,n2v c*r�qPaPw�`\d¨d�`,pÊPc%`54 0-".� �=06"./�	������%� � ��" � 	$0 �

PRQ��!�Ld��x�#SLdfS,79�I�/�����>�#�L�:Sx�,��Z
� _�qPm�n
ÊZcL� c*r*`(s5t,d�i*q*e�` ! e�`�
�	����IrL� l#r�yPj)p#l�e�`hk�j)nbp�j2f�qPi%t,m9`,rAf�`}e�� c*r*`	e�t,kA`,r�e*j)r�f�` 0A�Z`,p?p?`4`,n�d�e�l?d�`¼�Ã�¼�&�º*»\¿9Áo&�¿ �
½)¼�Á9»	kAqPc*m 0 k�j�m(m
j)k*k�qZm9d2v � ] _F`~f�qPs5kAqPm�d9`,s `,r�d�e{�/rAj�s5l�ÊZc*`	n9kAt!f�lR��`=n�l?s5k*p?`,s `,r�dÊPc%`¨p�j8s5t,d�i*q*e�`2e�qPl?d
',d9m�`}j�k%k*p?lÄÊZc*t\` ]

��� 	)0 � ! � ���Im9`,r�e 	:	 ! �����:�Æ r§e{t���r*l?d4p?`(k*m9t!e{lÄf\j�d4º*»\¿9Áo&�¿ �
½)¼�Á9»98=ÊPc%l�k*m9t!f�l#n�`}n�lLc*r%`¨s t,d9i%q{e{`4`,n�d4kA`,m9d�c*m9a�j)r�d9`bÎ
� � ��� � � 	���� ! �:��� !���� �
0 � ! � � �:�1"�� � � �<; ! 

�#"�=(	)0 � ! �����



Ý�]�è%] ä t���r%l#d�l?qPr*n ���

PRQ��!�Ld��x���b�����K�>�#�>�:Sx�,��Z
� _�qPm�n
ÊZcL� c*r*`Us t,d9i%q{e{` ! l?r/yPj)p?lÄe{`gp�j	f�qPi%t,m9`,rAf�`2e�`&0A� ! `,n9dhe�l?d9`Uº*»,¿�Áo&/¿ ��½�¼{Á^»hkAqPc%m 02kAj�m>m
j)k*k�qZm9dUv

� ] _F`gf�qPs k�qZm9d�`,s5`,r�dLe���r�j)s5l�ÊZc*`LuZ�,m9`hd9m�qPl?nGf\j�nbÊZc*l�k�`,c%yP`,r�dL',d9m�`�f�qPs=a*l?r*t,n ]�Í l?r*n�l/jN��r}e���j�n�n9c*m�`,mpÄjJf�qZi*t,m9`\r�f�`=e�� c*r*`2e�t,kA`,r�e*j)r�f�`bÎ
� c*r*`�¸P¹\À#¹^2P½-ÁKÂ�Ã�¼Ce�` s5`,n�n
j)uP`=kA`,c*d ',d9m�`7m�t!j�p?l?n9t\` ] _xj�s5t,d�i*q*e�`=l?r�yPq*ÊZc*t,`=rL� `,n�d2k�j�n=e�t��Ar*l?`kAqPc*mUpK� qPaPw�`\d ���%c*r*`	r*qPc%yP`,p?p?`	s5t,d�i*q*e�`4`,n�d4l?r�yPq*ÊZc*t,`	n9c%mUp#`	s ',s5`UqZc§eF� j)c*d9m�`,nUqPaPw�`,d9n ]

��� 	)0 � ! �����>m�`,r�en�l !��" 
�	����j)p#qZm9n 	:	 ! �)� ��� �*�n�l#r%qPr 	*	 ! � ���*�ä `	k*p?c*n!��qZr§e{t���r*l?dUp?`	k*m9t!e{lÄf\j�d~¸Z¹,À?¹^2)½NÁ�Â�Ã)¼,8�Î
� � ��� � � 	 �+� ! �:��� !���� �
0 � ! � � � 0("�2)"�� ! �����	
�=(	)0 � ! � ���� `Uk*m�t!e�l�f,j�dhk*m�t!f�l?n9`	n9l%c*r*`¨e{t,p?t,u/j)d9l?qPrJ`,n9dhn9kAt!f�lR��t\`¨n�c*mhpÄj	e�t\k�`,rAe*j�r�f�` 0A��kAqPc%mgp�j(s5t,d�i*q*e�`
! `\dUp�� qZaPw�`,d � ]

� c*r*`D2P½�¿9¸Z»,�*ÊZc*l�`,n�dgc%r5k*m�t!e�l�f,j�d4j)n9n�q{f�l#t2v	p�jJe�t,kA`,r�e*j)r�f�`P�Av2pK� qPaPw�`,db`,dUm�`,p�j�d9lRoGv8p�j	s5t,d�i*q*e�`l?r�yPq*ÊZc*t,`P��kA`,c*d
',d�m9`Ud9`\n9d9t\` ] _xj4s t,d9i%q{e{`grL� `,n�dgj�k%k*p?lÄÊZc*t\`�ÊZc*`Un�l*`,p?p?`gr*`Um�`,s5`\dGkAj�nb`,r=f,j)c*n9`p�j}f�qPi*t,m�`,r�f�`=e�`2p�jJe�t,kA`,r�e*j)r�f�` ]ì�qPl?d ! " 
�	����\�
��� 	$0 � ! � ���bm�`,r�en9l�� ! 2)" � ����� ! ��0("�	$0 � ! � ��� +
�+� ! �j�p?qZm9n�	*	 ! � ���*�n9l?r*qZr 	:	)/�0 � ���*� ]Æ rCe�t���r*l?dUp?`	k*m9t-e�l�f,j�d=½�ºPºAÀ�Â�¾�½NÁ�Â�Ã)¼�&9Â�¼�Á9»\¿9¸�Â?Á9»98AÎ

� � ��� � � 	 �+� ! �:��� !���� �
0 � ! � � � ! � � 2��
	 ! �����	
�� ��

�#"3��0 � �#"3=(	$0 � ! � ���� `hk*m9t!e{lÄf\j�dbk*m�t!f�l?n9`Un�l*c*r*`hu/j)m
e�`h`,n�dbt,yPj�p?c*t\`�v�o�j�c��2n�c*mbp�j4e�t\k�`,rAe*j�r�f�`&0��)k�qZc*m>pÄjÇs5t,d�i*q*e�`
! `\dUp�� qZaPw�`,d � ]

� c*r (~»,-4-\½S2)»8¾
Ã9(4º*»\¼�-!½-Á9Ã�Â�¿9»hkA`,c*d�'\d9m9`2j)k*k*p?l�ÊPc%tU`,r�m9t!jZf�d9l?qPr�v2pK��j�k%k*p?lÄf\j�d9l?qZr}e�`	p�j	s5t,d�i*q*e�`l?r�yPq*ÊZc*t,` ] _Lj	s t,d9i%q{e{`gl?r�yPq*ÊZc*t,`U`,n�dge�qZr�fUj�k*k%p#l�ÊZc*t,`Z�Pk*c%l#nhe�`,nbs `,n9n�j�uP`\nbn9qZr/dI`,r�yPq��Pt\ngj�c��k�j)m9d9l�f�l?k�j)r�d9n4e�`	p�j}e{t,k�`\r�e*j�rAf�`}kAqPc%mUm9t,d�j�a*p?l?mUn
j=f�qZi*t,m�`,r�f�` ]ì�qPl?d ! " 
�	����\�
��� 	$0 � ! � ���bm�`,r�e
	*	 ! �����<	 ! ���)� �������<	 ! �����)� ������� �5����� �q
� �(����� � ������� ����� " � 	)0(��" � ! " 
�	����5� ! ��� " 
�	��������5� ! ������" 
�	����������

¦ r*`2e�t,p?t,u�j�d�l#qZr5`,dUc%r*`	u/j�m�e�`	qPc c*r�s5`,n�n
j�uZ`¨f�qZs5kA`,r*n�j�d9qZl?m9`	r*`	k�`\c*yP`,r�d�',d�m9`}e{t���r*l?nUkAqPc*mUc*r%`sO',s `gs t,d9i*q*e�` ] ä `(k*p?c*n!��p�j2f�qPs=a*l?r�j)l#n�qPr=e�� c*r*`	u/j)m
e�`(`,d4e�� c*r s5`,n�n
j�uZ`¨f�qZs5kA`,r*n�j�d9qZl?m9`¨j)n9n�c*m9`ÊPc%`bp�jhu/j�m�e�`h`,n9d>k*m�l#qZm9l?d
j)l?m9`>`,dbÊZc*`bp�jUs t,d9i*q*e�`>l?r�yPq*ÊZc*t,`brx� `\n9dbj�k*k%p#l�ÊZc*t,`hÊPcx� c%r*`>o�qZl#n ]�Í l?r*n�lPkAqPc*mc*r*`Cu�j�m
e{`Cy�m
j�l?`�`,d c*r�s5`\n9n
j)uP`Cf�qZs5kA`,r*n
j)d9qZl#m�`P����� 	)0 � ! �����Jm�`,r�e�	:	 ! �����<	 ! ���)� �������<	 ! �����)� ���������<����� �p���j)k*k*p?l�f,j�d�l#qZr~e{` ! n9c*m �2rx� `\n9dUm9t-j�p?l?n9t,`}ÊZcL� c*r%`¨n�`,c*p?`(o�qPl?n ]b� `!f�lL`\n9d4`��{k%p#l�ÊZc*t(`,r Ý�] ÝA]Æ rCe�t���r*l?dUp?`,n4e�`\c���o�qPr�f�d9l?qPr*nUe�� qPm�e�m9`8n9c*kAt,m9l?`,c%m!� � ����"8`,d����
"3��� ]
����� � �&��"%0 ��	 ! � � 	���� ! �:��� !9��� �
! ���(� � � � ��� "�	 ! � �(� ! � � 2���	 ! �����	
�� ��

�#"���0 � �#"�=��

� d�j�r�d4e�qPr%r*t,`	c*r�qPaPw�`\d!�.� ����"Jn�k�t!f�l��A`}ÊZcL��j�c5s qPl?r*n>c*r*`Je�t,kA`,r�e*j)r�f�` /�	����hyPt,m�lR��`	p#`	k*m�t!e�l�f,j)d4e�qPr*r%tk�j)mUm
j�k%k�qZm9d4vJp�j2s t,d9i%q{e{` ! `\d�����"���� n9lLd�qPc*d�`,nUp?`,n¨e{t,k�`\r�e*j�rAf�`,n	yPt,m�lR��`,r�d4f�`2k*m�t!e�l�f,j)d ]



� � ¦ r�s q{e{�,p?`¨e�`2e�t,kA`,r�e%j�r�f�`\n
	�, � ,*) � �
� C?9�7:4��57 0 B�6?9
�U`\k*m9`,r%qPr*n=pK� `��*`,s5k%p#`=e�`,n=kAqPl?r�d9n8uPt,qZs5t,d�m9l�ÊZc*`,n ] _xjOe�t\k�`,rAe*j�r�f�`§eF� j)p?l#uZr*`,s `,r�d�½)À�Â 2�¼�»\¿ &�� &o-s&�¿(&��CÊZc*ln9kAt!f�lR��`�ÊZcL� c*r�k�qZl?r/d-�Lr%qPs5s t	k�qZl#r�d è �x`,n9dJd9qZc!w�qPc%m9n}j)p#l?uZr*t}n�c*l?yPj�r�d	p?`,n2qPm�e�qPr%r*t,`,nJk�j�m8m
j�k%k�qZm9d=v5c%rkAqPl?r�dgr*qZs5s tUk�qZl#r�d ñ �Z`,n9d	f,j�m�jPf�d�t,m9l?n9t\`}k�j)m!Î

� c*r�r*qZs Îg½�ÀRÂ 2�¼�»,¿ &�� &o-,&�¿ &��P�
� c*r*`	p?l?n9d�`«e{`2k�j�m�d9l�f�l?k�j)r/d�n!� /�	 ! 2�� � 
 "3��� ��� � � ��� ���2+ 	����	��

����� ���	��

���9
��
� c*r*`	k*m�qPk*m�l?t,d9t}vJs�j�l?r�d9`,r%l#m-� ���	��� '������ ���
	�� ð ��
���	�� ��� 	������	��

���%�,+�	
�&���	��

�����h`,d
� c*rCf�qZs5kAqPm9d�`,s5`\r/dUe���r�j)s5l�ÊZc*`P� ��� '������ ����	�� ð ��

��	�� � Î� ä ÏKe��*e�t,k*p�jZf�`,mU���/�ZkAqPl?r�d ñ!Þ�� Ï9ÏKe�t,k*p�jPf�`,mU���/�Zk�qZl?r/d ñ!Þ ÏKe�t,k*p�jPf�`,mU�CÏ:�5kAqPl?r�d ñ!Þ ��k�qZl?r/d èPÞ�Þ� ä ÏKe��*e�t,k*p�jZf�`,mU���/�ZkAqPl?r�d èPÞ��n9l�� � Ï���k�qZl#r�d ñ!Þj�p?qZm9n,Ï�Ï�e�t\k*p�jPf�`,mÇ�7����k�qZl?r/d èPÞ�Þn9l?r*qZr�Ï9Ï _ e��*kAqPl?r�d èZÞ9Þ� ä ÏKe���d9m�j�r*n�pÄj)d9`,m	eZ�7e�����k�qZl?r/d ñ!Þ�� Ï9Ï�d�m
j)r*n9p�j�d�`,m4eZ�Ce��/��kAqPl?r�d ñ-Þ Ï:d9m�j�r*n�pÄj)d9`,m	eZ�§e{�/��kAqPl?r�d èZÞ9Þ� ä ÏKe���d9m�j�r*n�pÄj)d9`,m	eZ�7e�����k�qZl?r/d èPÞ��n9lbÏ+�5k�qZl?r/d èPÞ�� eZ� � Ï��7kAqPl?r�d ñ-Þj�p?qZm9n,Ï�Ï�d�m
j�r%n9p�j�d�`,m¨eZ�Ce����PkAqPl?r�d èZÞ9Þn9l?r*qZr�Ï9Ï _ e��*kAqPl?r�d èZÞ9Þ� ä ÏKe��*f�i�j�r*uZ`!f�qZc*p?`,c*m4yPj)pK�PkAqPl?r�d ñ-Þ�� Ï9Ï�f�i�j)r*uP`-f�qPc*p?`,c%m4yPj�pK��kAqPl?r�d ñ-Þ9Þ

ä j�r*n	f�`,d	`��*`,s5k%p#`Z��p?`}f�qPs5kAqPm�d9`,s `,r�d4e���r�j�s l�ÊPc%`4rL� c*d�l#p?l?n9`	k�j)n4p�j5e{t,k�`\r�e*j�rAf�`�0 ]4� `,kA`,r�e*j)r/d-��p�je�t,kA`,r�e%j�r�f�`Jt,d�j�r�dUc*r5qZaPw�`,d-�*`,p?p?`	`,n9dUn�c*n
f�`\k*d9l?a*p?`}e�� ',d�m9`2l?r�yPq*ÊZc*t,`(`,d¨e{`¨kAj�m9d�l�f�l?k�`,m4j)c�s7j�l?r�d9l?`,r=e�`	n
jf�qZi*t,m9`\r�f�` ]
	�, � ,
	 � �#¸ �L4 ��C	�59f,
_ pLrx� `\n9d4kAj�nUd9qZc!w�qZc*m9nUn�l#s k*p?`¨e�`Je�t���r*l?m(pÄjJf�qZi*t,m9`\r�f�`5e�� c*r*`2e�t\k�`,rAe*j�r�f�`~vJpK��j�l�e�`	e�� c*r�k*m9t!e{lÄf\j�d4`\r/d�m9`n9`\n}k�j)m9d�lÄf�l#kAj�r�d9n ]#_ pbo�j)c*d	m9`,s�j�m�ÊPc%`,m~ÊZc*`=r%qPc*n2r%`5yPqZc*p?qPr*n	k�j)n}s q*e�lR��`,m	p?`,n2qPaPw�`,d9nJk�qZc*m}e�t���r*l?m~e{`d9`\p#n	k*m�t!e�l�f,j)d9n2`,d8p#`\n¨n�`,c*p?`,nJl?r�o�qPm�s7j)d9l?qPr*nUÊZc*`Jr*qPc*nJf�qPr*rAj�l?n9n�l#qZr*n2e�`Jp�� qZaPw�`,d4n�qPr�d}f�`\p#p?`,n2e�qZr*r*t,`\n2k�j�mn9qZr0l?r�d9`,m^o�jPf�`CÏ�c%r�`,r*n9`\s=a*p?`7e�`=n��/s=aAqPp?`,n8m9`,k*m�t,n9`\r/d�j�r�d=n9`\n=s5t,d�i*q*e�`,n Þ\]OË j�m=f�qZr/d�m9`P�>l?ph`,n9dJkAqPn9n�l?a*p?`e�`Jn9kAt!f�lR��`,m2f�qZs5s `,r�d�f�`\d9d9`=k%m9qPk%m9l?t,d9tJ`,n�d¨s�j�l?r�d9`,r�c*`(n9c*l?d�`~v�pÄjJm�t!f�`,k%d9l?qPr�e�� c*rCs `,n9n�j�uP`	k�j)m	c*rOe�`,nqPaPw�`,d9n(k�j�m�d9l�f�l?k�j�r�d�nLÎGf)� `\n9d4p?`	m9ÅZp?`«e{c ¾�Ã9(4º*Ã�¿�Á9»s(=»,¼{Á¨¸ *�¼�½9(}Â � &*» ]

k ��R
�G� � �0���
R ��� K �
R,� � ' � ��R �$( R,�
� 
Ks � 
a�
u
s����@s7����r¢u�����
Wr�����s7���
�2��s
�V
�uT� � '��y�=<�� �$( P * � ��� ( ��� � �\P ` -%* �
� *~(
��F2lV'
P��
R,�
�.�
R���P����
R - P (�� l,��P�� � P('����
R�� ( R�� *�K l0������F)PG�����
� � ��� ')(+* �
�,P�� �hK �
RmF)�����
�N���N�
� * ��� �K�y� � *~( �
F2lV'
P��
R,�
��4K �
R,�#��� *I* � � ' � �
R ��( R
�
���
��� � � �o�y� * �7,9�
R�� � '
�
PG�����.��F)�
��H@F2P(,9� �4K �,R � P(' � ��� ( �"�
R���P�� *�K F)�0� �
�"�
� * � - P (�� l,� �

�	����T,�J�cS0�=d�U��>�!���x� b ���eSL�-�cS��!� dfS��x�=�b�����K�>�#�>�*�-�Xd�S�Z z qZc*nbl?r*n9l?n�d9qPr%nbn9c*mhp?`boKj�l?dbÊPc%`Up#`4f�qPs5kAqPm�d9`�Ìs5`\r/dUe���r�j)s5l�ÊZc*`4n�k�t!f�l��A`}f�qPs s5`,r�dbp�j=f�qZi*t,m�`,r�f�`=e�� c*r*`2e�t,kA`,r�e%j�r�f�`=`�|&`!f�d9l?yP`2`\n9d4s�j�l?r�d9`,r�c*`(n9c*l?d�`}vp�j m9t!f�`\k*d9l?qPrãe�� c*r�s5`,n�n
j�uZ`}`\d}r*qZr�v§p���j)k*k*p?l�f,j�d�l#qZrCe�� c*r*`=s5t\d9i*q*e�` ] � r�`�|�`,d!�>p?`=s7j)l?r/d�l?`,rCe�`=p�j7f�q�Ìi*t,m�`,r�f�`JrL� `,n�d4k�j)nUc*r*l�ÊZc*`,s5`\r/dha�j)n9t2n�c*m4c*r�m�t,d
j)a*p?l#n�n9`,s `,r�d4j�k*m��,n4kA`,m�d9c*m�a�j�d�l#qZr ]
_ p�k*m9`\r�e�`,rOf�qPs5k%d9`pK�?Â�¼�Á9»,¼�ÁKÂ�Ã)¼5e�`=kA`,m9d�c*m9a�j)d9l?qPr ]2Í l?r*n�lbl?p>`,n9d2kAqPn�n9l?a*p?`=e�`}n�k�t-f�lR��`,m=ÊPcx� c%r*`}s t,d9i%q{e{`2l?r/yZq*ÊPc%t,`}rx� `\n9d	k�j�nqPa%p#l?u�j�d9qZl?m9`,s `,r�d�j)k*k*p?l�ÊZc*t,` ]bz qPc*nUk*m�t!f�l?n9qZr*n¨f�`2k�qZl?r/dh`,r ÝA] Ý�]
�5­�� � ²L%�� � � ´#� ´ "��;�U°�´#%2°�¶���&A�h± °#"U¶
��& &x·,±L" ´ �^µ7° ¶h³2°J±G²�� �a�2­
¦ rã`,r%n9`,s=a*p?`Ce�`Ce�t,kA`,r�e%j�r�f�`\nCl?r�e�c*l?dJc*r 2N¿9½�º�+{»�¸Z»O¸Z¹Kº*»\¼�¸P½)¼�¾�»4-5e�qZr/d=p?`,n r�%	c�e�n=n�qPr�d=p?`,n5qZaPw�`,d9nk�j)m9d9l�f�l?k�j)r�d9n}j)c���e�t,kA`,r�e%j�r�f�`\n=`,d}p?`,nJj�m.'\d9`,nJt,d9l�ÊZc*`,d�t,`,n=k�j)m2p?`,n}e�t\k�`,rAe*j�r�f�`,n ] _�`=uZm
j)k*i*`=rL� `,n�d2k�j�no�qZm
f�t,s `,r�d�f�qPr*r*`��{`�Ï�yPqZl?mUpÄj«��uZc*m9` Ý�]�èZÞ,]_�`,n5e{t,k�`\r�e*j�rAf�`,n5`��{k%m9l?s7j)r/d	c*r%`5l?r ��c*`\r�f�`�p?q{f\j�p?`=`,r�d9m�`7kAj�m9d�l�f�l?k�j�r�d9n8k�j�mJp?`5a*l�j�l?n}e{`5p?`,c*m=f�qPs�ÌkAqPm9d�`,s5`\r/d2e���r�j)s5l�ÊZc*`	`,d2kAqPc*yPj)r�d?',d�m9`7f�qPr*r*`-f�d9t,`\n}n�qPc*n	o:qPm9s `2e�`=uPm�j�k*i*`Z��c*r�s5`\n9n
j)uP`2kA`,m�d9c*m�a�j�r�dkA`,c*d	`,r�d9m�j��?r*`,m(c*r*`2ºA¿9Ã�º*½�2P½-ÁKÂ�Ã�¼0¸Z»D(~»,-4-\½S2)»,- ]UÍ l?r*n�lLpK� `,r�yPqZlGe�� c*r�s5`\n9n
j)uP`2v=c%rCqPaPw�`\d4kAqPc*m(m9t,d�j�a*p?l?m



Ý�]�ô%] �	m�j�k*i%`«e{`«e{t,k�`\r�e*j�rAf�`,n	`,d4r%t!f�`,n�n9l?d9t=e�� c*r7f�qPr�d9m�ÅPp?` ] � �

p�j}f�qPi*t,m�`,r�f�`=e�� c*r*`2e�t\k�`,rAe*j�r�f�`2k�`\c*d4r*t-f�`,n9n�l?d9`,m2e�`	m9t\d
j�a%p#l?mUp�jJf�qPi*t\m9`,r�f�`~e���j)c*d9m�`,n4e�t,kA`,r�e*j)r�f�`,n2f�qZr�Ìr*`��*`,n ] _FqPm9nUe�� c*r*`(k*m9qZk�j�u�j�d�l#qZr~e{`4s5`\n9n
j)uP`,n-�*e�`,nUf��*f�p?`,nUqPc�e�`,nhk*m9qZa*p?�,s5`\nbp?l#t\n�j)c=r*qPrcM9e�t,d�`,m9s l?r*l?n9s5`e�`,n(m9t!jZf�d9l?qZr*n4kA`,c*yZ`,r�d¨j�k%k�j�m�j��?d9m�` ]bÍ l#r%n9lLp?qZm9n
ÊZcL� c*r�qZaPw�`,dUm9`ak�qPl?d4k%p#c%n9l?`,c*m�n4s5`\n9n
j)uP`,n4f�qPs5kA`,r*n�j�d�qPl?m9`,ne�`Ce�lR|�t,m9`,r�d�n7f�i*`,s l#r%n~e�cãuZm
j�k%i*`Ce�`Ce�t,kA`,r�e*j)r�f�`,n-�UpK� t\d
j�d=e�`�pK� qPaPw�`,d=kA`,c*d5e{t,k�`\r�e�m9`�e�`�pK� qPm
e{m9`7e{`m9t-f�`,k*d�l#qZrOe�`,n(s5`,n�n
j)uP`,nUqZc7e�cCf�i*`,s l#r n9c*l?y�lLe*j)r*nUp?`¨uZm
j)k*i*`JÏ�yZqPl?mb�AuPc*m�` Ý�]�ôPÞ\]
p1

p2

p3

]xl?uPc*m�` Ý�]�ô Î Ë m9qPa%p#�\s5`,n	e�cCe�t,d9`\m9s5l?r*l?n�s5`2e�`,n(m9t!jZf�d9l?qPr%nLÎhp#`Jf9i%`,s5l?r�n9c*l?y�lLkAj�mUp?` ��qZd¨e�`2k%m9qPkAj�u/j)d9l?qPrkAqPc*m4j)d9d9`\l#rAe�m9`'� T f�i�j)r*uP`	pK� t,d
j)d4e�`2f�`}e�`,m�r*l?`,m ]
� qPr�d9m�j�l?m9`\s5`,r�dgj)c��~n���n9d9�\s5`,nha�j�n�t,nUn9c%mgc*r%`4k*m�qPk�j)u/j�d�l?qPr�Â ( (=¹�¸�Â�½NÁ^»�Ï�yPj)p#`\c*m9nUjPf�d�l?yP`,nY³?¢ ¤"´:\5XPª j [ �e�t,kA`,r�e%j�r�f�`\nB³?Ø Ö��PßãXPô\[ � ]?] Þ �br*qZd9m�`Os q{e{�,p?`7l?r�d9m�q*e�c*l?d5e�`,n�`,r�d9l?d�t,n�uPt,m�j�r�d5p?`Cs�j�l?r�d9l?`,r0uZp?qPa�j)p4e�`Cp�jf�qZi*t,m9`\r�f�`bÎãe�`,nCf�qPr�d�m9ÅPp?`,c%m9n ]çÍ p?qPm�n7ÊZcL� c*r*`Oe{t,k�`\r�e*j�rAf�`On�k�t-f�lR��`OpK� l?r�d9`,m�jPf�d�l#qZrã`,r�d9m9`�k�j)m9d9l�f�l?k�j)r�d9n!�c*rãf�qPr�d9m�ÅPp?`,c*m=p�j"m9t!j)p?l#n�`�`,r0c*d�l?p#l?n�j�r�d}pK� `,r*n�`,s=a*p?`5e�`,n5e{t,k�`\r�e*j�rAf�`,nCe�t���r%l#`\n=n9c*m=p?`5uZm9qZc*k�`Ce�� qZaPw�`,d9nÊZcL� l?pgn�c*k�`\m9y�l?n9` ] _�`,n5f�qZr�d9m9ÅZp?`,c*m9n k�`\m9s5`\d9d9`\r/d5e{`§e{t���r*l?m5e�lR|�t,m9`,r�d�n7j�p?uZqPm9l?d�i*s5`,nJe�`�s7j�l?r�d9l?`,r�e�`�p�jf�qZi*t,m9`\r�f�` ]
_ p?nbn9qZr�dbc*r*`	j�a*n�d9m
jZf�d9l?qZr5e�c=s7j)l#r�d�l#`\r}e�`4p�j	f�qZi*t,m9`\r�f�`}ÊZc*l�e%j�r*nUe�`Ur*qZs=a*m9`,c{�}d9m�j-yPj�c��=`,n9dr*qZr7`��{k%p#l�f�l?d�`¨`\d4fVj�a*p?t2e*j)r*nUpK� l?r�d9`\m9k*m��,d9`}e{c7p�j)r*u/j)uP` ]

objet (données + méthodes intrinsèques) envoi de message
dépendancegestion locale du contexte relationnel

Légende

contrôleur

m2

l1
l2

o4

l2
o5l3

o3

m4

o1

o2
m1m1

Contrôleurs

Objets + Dépendances

o6

]xl?uPc*m�` ÝA] Ý Î ¦ r%`4j�m
f�i*l?d�`!f�d9c%m9`¨v	e�`\c��}r*l?yP`-j�c��}kAqPc%mGc%r~f�qZr�d9m9ÅZp?`UuPp?qPa�j)p/e�c=s�j�l?r�d9l?`,r2e�`,nhe�t,kA`,r�e*j)r�f�`,n ]
_Lj«��uPc%m9` Ý�] Ý l?p?p?c*n9d�m9`4p?`	f�qPr�d9m�ÅPp?`4qZk�t\m9t	k�j�mhp?`,n4f�qZr/d�m9ÅZp#`\c*m9n4jN��r7e���j)n9n9c%m9`,mUc*r s7j)l#r�d�l#`\r}uZp#qZa�j�p�e�`,ne�t,kA`,r�e%j�r�f�`\n ] _�`4f�qZr�d9m9ÅZp?`,c*mge�`(u/j)c�f�i*`UuP�,m�`4k�j)mb`��*`,s k*p?`gc*r5f��{f�p#`4e%j�r*nbp?`Us�j�l?r�d9l?`,r}e�`Up�j2f�qPi*t,m�`,r�f�` ]

	�, )�,.- /13�/ 6D0�7:0.B86?9�,
ì�qZl#d�� pK� `\r*n9`,s=a%p#`4e{`,n¨f�qZr�d9m9ÅZp?`,c*m9n-� 	(c*rCf�qZr/d�m9ÅZp#`\c*m¨j)k*k�j�m�d9`,rAj�r�d4v � `,n�d4f,j�m�jPf�d�t,m9l?n�t}k�j)mLÎ
� c*r0»,¼�-!» ( �\À#»J¸
. Ã,�-�!»�Á_-«¾�Ã)¼�Á�¿��)À#¹,-,� ï � 	�	5�2+ 		� � � � ð ��������� � � 

� c*r0¾
Ã)¼�Á9»��-Á^»FÎ>c*r�`,r*n�`,s=a*p?`	qPm
e{qPr*r*t2e�`2e�t\k�`,rAe*j�r�f�`,n!���&��� 	
	5�,+ 	�2 � ��2 ð � 2 > �%����� 2 � 




� � ¦ r�s q{e{�,p?`¨e�`2e�t,kA`,r�e%j�r�f�`\n
� c*r*`�h!Ã�¼A¾�ÁKÂ�Ã�¼�¸P»D(=½�Â�¼�ÁKÂ�»\¼#� ÊZc*lLj�n�n9c*m�`}ÊZc*`	p?`,n¨e�t\k�`,rAe*j�r�f�`,n������ 	
	<�Un9qZr�d4f�qPi*t\m9`,r�d9`\n ]
�8� � � �
� � � �!� 	�	�� ! � ���d9`\pGÊZc*` 4�06" ����� 	
	5�<�����	��� 6�	 � 	 ï � 	
	5�:�*� + �+� ! � ]

�(dfU��LbeQ U��cSx� T[Z
� 	 qZc*dhqPaPw�`,d �8`,n�d¨j�n�n9q*f�l?t}v8c*rCf�qPr�d�m9ÅPp?`,c%m4`,dUc*r�n�`,c*p 	(d�`,pGÊZc*`�	 �	

���	��2*	����2+ 	4`\d ��" ï � 	�	5� ]
� Ë qZc*mUc*r*`	s t,d9i*q*e�`=¼�Ã)¼�&�º*»,¿�Áo&/¿ ��½�¼{Á^» ! n9c*mUc*r%`«e{t,k�`\r�e*j�rAf�`P��qZr7j

4 � " ���=� 	$��	��
�%�5�=��	�� ð �<�%�������#� ' 	����5����� �
	����.�*�,+ � 	�	�� ! � ���

z qZc*nU`��*k*p?l�f�l?d9qPr%nge*j�r%nUpÄj«n9`!f�d�l?qPr�n9c*l?yPj)r/d�`¨f�qZs5s `,r�dGp�j(o:qPr�f�d�l?qPr7e{`4s7j)l?r/d�l?`,r}c%d9l?p?l#n�`4p?`¨f�qPs5kAqPm�d9`�Ìs5`\r/dUe���r�j)s5l�ÊZc*`4e�`,n	e�t,kA`,r�e*j)r�f�`,n	kAqPc*m4j)n9n9c%m9`,m(pÄjJf�qZi*t,m9`\r�f�`=uPp?qZa�j�p?`4e�c�n9��n�d9t,s ` ]
�5­�� � �5°J±F%�	O� �h± ·-°J±F�U²L��²L"h±F%	±L·,³8° & " � %8°J±G·��=µ �
	�, 	�,.- �
<?6�7�� ² � �FHD9�7 4%�F0 7��
_Lj e�qPr%r*t,`5e�cOf�qPs5kAqPm�d9`,s `,r�d¨e���r�j)s5l�ÊZc*`	`,n9d	yZ`,m9aA`,c*n�` ]=z qPc%n¨l?r�d9m�q*e�c*l?n9qZr*n2e�`,n	qPkAt,m
j)d9`,c%m9n=j-��rOe{`n9l?s k*p?l��A`,m�p�j4e�t��Ar*l?d9l?qPr=e�`,nge{t,k�`\r�e*j�rAf�`,n ] _�`Uf�qPs k�qZm9d�`,s5`,r�d>e���r�j�s lÄÊZc*`>kAqPn�n9�!e�`(p�jUn9��r�d
jN�*`�j)a*n9d�m
j�l?d�`n9c%l#yPj)r�d9`bÎ
¾�Ã�((º{Ã)¿�Á^» (~»\¼�Á��=¸ *�¼�½9(}Â � &*» Î?Î ��� ¿��^2�À#»��=¸
. Â�¼{Á^»\¿9½P¾�Á�Â:Ã�¼	��
¿��^2NÀ?»��=¸�. Â�¼�Á9»,¿9½Z¾�ÁKÂ�Ã)¼ Î?Î � -!¹,À?»�¾�Á9»s&�¿(¿9»
¾�» "N» &�¿}½�¿_2�-«Ã�º{¹\¿9½-Á9» &/¿J½P¾�Á�Â�Ã)¼½P¾�ÁKÂ�Ã�¼ Î?Î ��� -!¹\À#»�¾�Á^» &�¿¨¾\Â
�,À?»2½�¿_2�-
� �¿9»�¾�» "�»s&�¿ Î?Î � n9��s=aAqPp?`¾\Â
�,À?» Î?Î � n9��s=aAqPp?`Ã�º*¹\¿9½-Á9»s&�¿ Î?Î � �eU��Fb:�:� T��Z�I�/�=U��:�-�!����79�iW����=dA�����:T,��d�S��LT½�¿_2�- Î?Î � n9��s=aAqPp?`�
���½P¾�Á�Â:Ã�¼
_LjJn�t,s7j)r/d�l�ÊPc%`¨e�`,nUqZk�t\m
j�d�`,c*m�n¨`\n9d¨f�`,p?p#`2e�t-f�m9l?d9`8k*p?c*n4j-yPj�r�dhk�qZc*mUp?`«f�qPs5kAqPm�d9`,s `,r�dge���r�j)s5l�ÊZc*`bÎ
� _b� qPkAt,m
j)d9`,c%m�I����5G5I�	��bn9kAt!f�lR��`bc%r2s5`,n�n
j)uP`Gf�qPs5kA`,r*n�j�d�qPl?m9`bÎ�n�c*l?d9`gvhp�jIm9t!f�`,k*d9l?qZr2`,dGvhpK��j�k%k*p?lÄf\j�d9l?qZre�� c*r5s `,n9n�j�uP`2v8c*r�qPaPw�`\d¨e�l?d	¿9»
¾�» "N» &�¿���c%r7s `,n9n�j�uZ`¨f�qZs5kA`,r*n
j)d9qZl#m�`	`,n9d(t,s5l?n ]
� _b� qPkAt,m
j)d9`,c%m �
	��C�
I�H�H�	S�
z�I��}c%r*`	u/j�m�e�`2n�k�t!f�l��A`}c*r%`2u/j)m
e�`2e�`,yPj)r�d?',d�m9`2yZt,m9lR��t,`8k�qZc*m¨j)k*k*p?l�ÊPc%`,mpÄj8s5t\d9i*q*e�`(l#r�yZq{ÊZc*t\` ]
� _b� qPkAt,m
j)d9`,c%m �C������	N���F�9���F�2n�k�t-f�lR��`=c*r*`5e�t\p#t\u/j�d�l?qPrOe�`Js5`\n9n
j)uP`bÎUc%rCqPaPw�`\d¨m�`lk�qZl#d8c*rCs5`\n9n
j)uP`P�pÄj8s5t\d9i*q*e�`(rL� `,n9d(k�j�n4j)k*k*p?l�ÊPc%t,`P��c*r�r*qZc*yP`!j)c�s5`,n�n
j�uZ`4`,n�d4t,s l?n ]

`Vbeb7��T\�!���%�!�Xd�S�TaZ _�`2f�qZs5kAqPm9d�`,s5`\r/dUe���r�j)s5l�ÊZc*`4e�`	p�j}e�t\k�`,rAe*j�r�f�`§½)À�Â 2�¼�»\¿(&�� &o-s&/¿ &��8n!� t!f�m�l#d	j�p?qPm�nLÎ
e�t,k%pÄjZf�`2kAqPl?r�d ñ �5� l?s5k%p#l?`,n e�t,k*p�jZf�`,m4kAqPl?r�d è �7�e�t,k%pÄjZf�`2kAqPl?r�d è �5� kA`,m9s l?d9d9`-e�M�lRo Ï � �CÏ���k�qZl?r/d ñ!Þ�Þd9m�j�r*n�p�j�d9`\m4kAqPl?r�d ñ eZ�7e�� l?s5k%p#l?`,n d9m�j�r*n�pÄj)d9`,m(k�qZl?r/d è e/�§e��d9m�j�r*n�p�j�d9`\m4kAqPl?r�d è eZ�7e�� kA`,m9s l?d9d9`-e�M�lRo Ï � Ï � Ï���k�qZl#r�d èPÞ eZ� Þ Ï��7kAqPl?r�d ñ-Þ9Þ�Þ
Æ r�r*qPd�`«ÊZc*`8p#`\nUs5t,d�i*q*e�`,nUr*qZrcM�kA`,m�d9c*m�a�j�r�d9`\n4n9qZr�dUqPs5l?n�`,n ]



Ý�] ÝA] ì���r�d
jN�*`¨`\dUl#r�d�`,m9k*m�t,d
j)d9l?qPr"n9t,s�j�r�d9l�ÊZc*` � �

	�, 	�, � � �F0 6�7:0 � 6 �	�0�
�A@�B �?3 4%� 6?@�� ��7 B8>�3 4��57�� CD4:9�,
�=��p�j«o�qPr�f�d9l?qPr�e�`2s7j)l?r/d�l?`,rL��kA`,c*d�',d�m9`=e�t���r%l#`	k�j)m4e�`,n(m9�,uZp#`\n4e�`2m9t\t!f�m9l?d�c*m9`�� d9`,p?p?`2ÊZc*`bÎ
ì�qZl#dhpK� t,d
j)d4e�`,nUqPaPw�`,d9n�� + 	)�
	��
�%�5�=�
	�� ð �5���������=��	���� �*�,+ ��	 ï � 	�	5�*�

� 	
	 � ! � ��� +�� �q*)�� ! ���1���(��� � �%	$�	��

� � � /�0 ��� �)� ��� �*�%	$�	�

z qZc*n2r*qZs5s5qZr*nUp?`}d�c*k*p?`�� ! ���1���(��� � ��/����2�xc*r*`O¾�Ã�¼ � 2S&�¿9½NÁ�Â�Ã)¼�º{½)¿9ÁKÂ�»\À�À#» ] _ pb`\n9d}f�qZs5kAqPn�t~e�� c*r%`s5t\d9i*q*e�` ! ��e�`8p�� t,d�j�d4f�qZc*m
j)r�d��7e�`2d�qPc*n(p?`,nUqPaPw�`\d9n2f�qPr�d�m9ÅPp?t,n(k�j�m�	)��e�� c*rCqZaPw�`,d ����e�`2pK� t,d�j�dUl?r*l?d9l�j�p�� �e�`Jd9qZc*n2p?`,n	qPaPw�`\d9n2f�qPr�d�m9ÅPp?t,n8k�j�m�	8`,d2e�� c*r*`Jp#l?n�d9`=e���j�k*k*p?l�f,j)d9l?qPrCe�`=s t,d9i*q*e�`\n¨ÊZcL� l?pGm�`,n9d�`5v `�|&`-f�d9c*`\m
/�� ] ¦ r*`	m��,uPp?`2e�`	m9t,t-f�m9l?d9c%m9`}f�qZr�e�l?d9l?qZr*r*`,p?p?`4n�k�t!f�l��A`2n9qZc*n�ÊZc*`\p#p?`2f�qZr�e�l?d9l?qPr=c%r*`2f�qPr��AuPc*m�j�d9l?qZr5k�j)m9d9l?`,p?p?`kA`,c*d?'\d9m9`8m9t,t!f�m9l?d9`5e*j)r*nUc*r*`Jj�c*d�m9`2f�qPr{��uPc*m�j�d�l#qZr�k�j�m�d9l?`,p?p?` ] ì�qZl?dgp�jJm9�\uPp?`2f�lNM^e�`\n9n9qZc*n!�Ap�j=f�qZr���uPc%m
j�d�l?qPrå `,n�d4m�t,t!f�m�l#d�`}`\r � ��n�lLp?`,n4f�qZr�e�l?d9l?qZr*n Í n9qZr/dUn�j�d�l#n^o�j�l?d�`,n ]

�
�������

� dfS"�b�����K�>�#�>�*�-� d�S�Z _�`hf,j�nbe�� c*r*`Is5t,d�i*q*e�`>r*qPrcMKkA`,m9d�c*m9a�j)r�d9`hn9kAt!f�lR��`Un9l?s k*p?`,s5`,r�d�ÊZc*`hpK� t,d
j)d�uPp?qPa�j)pk*m�`,r�e `,rCf�qPs k*d9`(p�j	s5q*e�lR�&f,j)d9l?qPr=e�c*`2v8pK� j)k*k*p?l�f,j�d�l?qPr=e�`	pÄj«s5t,d�i*q*e�`4l?r�yPq*ÊZc*t,`(n9c*mUpK� qPaPw�`\d ]>Í l?r*n�l�n!� l?pm9`\n9d9`Je�`,n¨j)k*k*p?l�f,j�d�l?qPr*nUvJd9m�j�l?d9t,`\n!�*p?`	n9��n�d9�,s `¨p?`,n4j)k*k*p?l�ÊZc*`2Ï:m9�,uZp#`\n ñ!Þ\]
���� "!$#&%(')!+*,#.-�!$/0#2143&!65876#97;:<3�=&-6>8=@?�59AB-;3.C&%;%D%

E 5F76GH7;#97;GJIK72!D!$5HLM7K#&LN%�!65OL LM7K#&L LN%�PQPQP %�RTS � E 5OL$7;G@LBU�!6V&!6#9W�%�7;V&!6#.XO%�7�PQPQP V2YF!$#&%�7�PQPQP V&!6#JZ[%;%�7;#&L+7DGJI(72!D!$5HL L+7;#&L L+%�PQPQP %0R

+\&C ] �

5��� ^!6#J%('	!_*,#.-�!6/`#.1a3b!$5F7;#976:�3�=&-6>8=@?�5@A[-;32C&%D%;%
E 5F7;GH7;#97;GJIK7�!$%�RTS � Edc@e 76G L U�!6V&!6#9W�%�7KVb!$#.X@%�72PQPQP V Y !$#&%�7�PQPQP V&!6# Z %;%�7 76GJIK72!6%�R


+\&C f �

�hg`iC�kj�ZmlonBp.qJr[sTt s`u`vxwzy8p&{|v,v@q.}�~|pJyF�+vB���_v4��v@q2q&y8wBv��&nBu|}2p.�B�+�,v@q.}ayF�`�`�+�6rBs0�au0nBp2��y8�+v@��v@u|}O�<��y8p4�&nBu|}2p.vB�
s`u`vh{��@��v9u�{`y8u��&vh��v@s`},�+u|}2v9pJ{|�+p2v���tQy8�0�`�+�$�9y8}2�+n[ud{ot s`u`v����@}2�0n�{�v�yH��u^{|v��`p.�@q2v9p2~Bv9p��6y��&nB�0�@p2v@u��&vd{ot s`u0v
{|�@��v@u�{0y8u��&v[�

/`#.143&!6#@72�F7;�&�9���Q�6���9-6�6#2A��,�+AB-;3�= e �+-;32C&%
E �F7;G&I67�#97;GJI(7.!$%�RTS � E�c9e 7;G&ID7 7;G&I67.!$%�R


+\&C � �

/`#.1a3&!6#97K�F7;�&�9���Q�6���9-6�6#2A��,�+AB-;3�= e �+-;32C&%('�G&IT�U�G
E �876GH7K#976G&ID72!D!$� L 7K# L %�!6� L L 7;# L L PQP %;%�RTS � Edc9e 76GJID7 7DGJID7�!6%�R


+\&C \ �

/`#.1a3&!6#97K�F7;�&�9���Q�6���9-6�6#2A��,�+AB-;3�= e �+-;32C&%('�G&IT�U�G
E �876GH7K#97DGJI(72!6%�RTS � Ehc@e 7DGJID7 7DGJI(72!6%�R


+\&C � �

lTy4p.�@wB�+v���� � q2���O�&�M��var[sTt s`u0v��_u|}.v@pJ{|�6�&}.�+nBu�v@q.})~ByF�_�6{|v	�+nBp.qJr[sTt �+�`uTt ¡�y4�`�+s`q	{otQy8�`�`�+�6�@yF}2�+nBu`q<¢�}2p&y8�+}2v9p)v@}
r[s`v��+v)q.¡|q2}2�9�hv�uTtQy���y8q	y8�`�`�+�6r[s`��{|v��hv@q.qJyFwBv@q<�&n[�h��v@u`qJyF}2n[�_p.v@qO�<£4yFu`q<�&va�@yFqO�[��t �9}Jy8}�w[�_n[¤�y8�`{|s�q2¡|q.}2�@��v
u`v��.��yFu`wBv���yFqO��lov@q	{|v@s|¥h{|v@p.u`�+�@p2v@q�p.�@wB�+v@q¦�`p2�O�b�_q.v@u|}§r[s`v�q.�`s`u`v��+u|}2v9pJ{|�6�&}.�_n[u�v9q2}	q2���O�&�M���@v���n[s`p)y8q.q2s`p.v@p
�6y��&nB�0�@p2v@u��&vh{ot s`u`v�{��@��v9u�{`y8u��&v�v@},r[sTt �_�op.v@q2}.vh{|v@q,y8�0�`�+�$�9y8}2�+n[u`q§{�v����@}2�`n`{|v9qa¢�}2p&y8�+}2v9pa��nBs0pay8q.q2s`p.v@p
�6y,�&n[�`�@p2v9u��&v�¨Dp2�@w[�_v���� �z©kn[sdr[s`v�{|v@q�yF�`�`�+�6�@y8}.�+nBu`q�nBu|}){��;ª@¢x�@}2��v&«�vH�&}2s`�9v@q�¨;p2�9wB�+v���� ¬[©@�8�+��¡­y s`ud�&n[u|®��+}O�
£4y8u`q��bv@qa{|v9s|¥¯�@yFqO�0�Kt �@}&y8}	wB�+nB¤�y8�T{|s�q2¡|q.}2�@��vap.v@}2n[s`p2u0v�¢,��t �@}&y8}��+u`�+}2�6y8���T°	vH�&�Tv@q.}��+�+�+s`q2}.p2�4v@u����Q¬`�+±[�

²�³|´;³|µ�g`¶O·D¸�¹)º»l¼v��@y8q�{ot s`u��hv9q2qJyFwBv�{|�@�+�@w[s`��q.���O�b�N��v r[s`v�q.��{�v@q§{��@��v9u�{`y8u��&v@qa{��&��u`�+q2q.v@u|})s0u`va{|�9�_�9wzyH½
}2�+n[u¯{�v,�hv@q.qJyFwBvB��y8�+nBp.q�s`u`v,q.v@s`�+v­{��@�+�@wzyF}2�+nBu�v@q2}4}2p&y8�+}2�9v�¨;p.�@wB�+v,��� ¾[©@�	¿�uÀv&«ov@}O�¼�_v,�@yFqa{ot s`u0v,�h�@}.�`n`{|v
p2v9}2nBs0p2u�yFuz}�s`u
p2�@q.s`�+}Jy8}�u`n[s`q­yÁy8��v@u`��¢��bnBu`q.�${��@p2v@phr[sTt �+�){|n[�+},¡ÂyH~Bn[�_p4s`u0�NÃDnBp2���+}2��v@u|}2p2v�}.nBs`}.v@q��+v@q
{|�@�+�@w|y8}.�_n[u`q�}2p&y8�+}JyFu|}�{|s��hÄ@��v��hv9q2qJyFwBv,{|�@�+�@w[s`�B��£�v4�`�+s`qO�0�_n[p2q&rBs0v,�+va��v@q2q&y8w[va�+u|~Bn`r[s`�4uTtQy8�0��y8p.}2�+v@u|}



��� � u���n�{��@�+va{|v,{|�@��v@u�{0y8u��&v9q

��yFq)y8s|¥��h�@}.�`n`{|v@q){|v���t nB¤Bªbv@}<p2vH�&v@~Bv9s`p)v9}§r[sTtQy8s��&s`u`v�{|�9�_�9wzy8}.�+nBu�uTt v@q2}){��&��u`�+vB�|�+�|¡­y�s`uh�bnBu|®��+}H�<l<t �@}JyF}
wB�+n[¤�y8��p2v@}.nBs`p.u`v�¢���t �@}JyF})�+u`�+}.�$yF�T¨Dp2�@w[�+v,�����B©9�

�4��� ^!6#&%6'��8�Q�0�
	k!$#&%�� ��
 !6�Q����#����O%��À!D!�� LI �;# LI %;%
E ���;G��;#��;G&I���	 � RTS � E � LI �;G��K# LI �DGJI���	 � R


+\�� � �

����a ^!6#&%6'�*,#.-�!6/`#.1a3&!����$#����932�N3�� �9-6�6#2A"!&%;%
E ���6G��;#��DGJI���	 � RTS � Ehc ���DGJI�� �;G&I��2!6%�R


+\�� # �

$ j&%'%9g`µ�j)(F¸+*-,<j|¹�%9g`¶O¸�·Di8j�º»l¼nBp2q&r[sTt �_��u`v�qOtQy8w[�+}�u`��{ot s`u`v�{|�@�+�@w|y8}2�+n[u {|v��hv@q.qJyFwBvB�ou0�){ot s`u`v�w|y8pJ{�v
v@}4rBs0v�{|v@q��hv@q.qJy8w[v@q��&n[�h��v@u`qJyF}2n[�_p.v@q�q.nBu|}�{|�&��u`�+qO���6y,���@}2�`n`{|v4�+u|~Bn`r[s`�@v,v9q2}ayF�`�`�+�6r[s`�@v4�`s`�+q��+v@q���v@q�½
qJyFwBv@q��bnB�h��v@u`q&y8}.nB�+p2v@q�q.nBu|}	}2pJyF�+}2�@q�v@u��`p.n8Ã;n[u�{|v@s0p��&nB���hv	�_v��hn[uz}.p2v��$y q2vO�&n[u�{|v,p.�@wB�+vB�	lov@q�u0nBs`~[vOy8s|¥
�hv9q2qJyFwBv@q��bnB�h��v@u`q&y8}.nB�+p2v@q�q.nBu|}�}2p&y8�+}2�9q�v@uÀ�`p.v@�h�+v@pH�

. ud��nBq.v�/
021 ���� ^!$#&%(' � �8� ���3	T!6#&%�� �4
 !6�Q���K#����H%&��!D! c � �;#J%D%('5 �Q�`�3	T!6#&%�� �4
 !6�Q���K#����H%&��!D!6���;#&%�!��8W�W7�;#9W�WJ%�PQPQPQ!6�FW98��;#9W98F%�PQPQPQ!6�HI+W:�K#&I+W2%�PQPQPQPQ!6�HI 8��;#&I 88%�PQPQPQ!�� Z W;��� Z W2%�PQPQPQ!�� Z 8 �K# Z 8 %D%

�
E ���6G��K#��6GJI��.!$%�R¼S � E �8W�W7�;G@L6�K#9W�W7�;GJI���!;!��8W6X���#@W6X@%�PQPQPQPQ!6�HI 8��;#&I 8B%�PQPQPQ!6�HZ 8 �K#&Z 8 %;%¼R 
+\�� < �

�
E ���6G��K#��;G&I��2!D!6� L LW ��# L LW %�!�� L LX ��# L LX %�PQPQP %�RTS � E �FW�W7�;G L �;#9W�W��DGJI��2!D!��8W6X��;#9W6XO%�PQPQ!6� Z W:��� Z W2%�PQPQ!6�HZ 8 ��#&Z 8 %�PQPQPQ!�� L LW �K# L LW %�!6� L LX ��# L LX %�PQP %`R
+\�� = �

��i8i�>|¶[º@?�s�~zs�{|v@q�}2nBs0}2v@q4�&v@q�p.�@wB�+v@qH�`n[ud}.v@p2���+u`v��+nBp.qJr[sTt �+��u0v,p2v@q.}2v,�0�_s0q�{|v4�h�@}.�`n`{|v@q�¢�}2p&y8�+}2v9pO�

ACB:D �FEHGJILK'MONQPORTSUGWVYXLZJNQPOV\[HZJ]_^

lov��&n[�h��nBp2}.v@�hv9uz}4{|¡|u�y8���6rBs0vaq.���H�&�M��vh�+v@q,�&n[u`q2�Or[s`v9u��&v@q�q.s`p,�+v@q4��y8p.}2�6�&�+��yFuz}.q,{ot s`u`v�{|�@��v@u�{`yFu��&vd{�v
�dyFu`�+�@p2v��`s`p.v@�hv@u|}	�+n��9y8�+vB�H?��+n[p2q�rBs0v �bv@}2}.v,q2���O�&�M���@yF}2�+nBu�v@q.}ay[{`y8�`}.�@v4��n[s`p��6y�{��&��u`�+}2�+n[ud{|s��dyF�+uz}.�+v@u
{|v��$y4�&n[�`�@p.v@u��&v�{¼t s0u`va{|�9��v@u�{`y8u��bvB�`v@�+�+v�u`v��`p2v@u�{���yFq<v@ud�bnB�h�0}2v��+v@q	�`p2n[¤`�+�@�hv@q<{|s0q§yFs|¥­�+u|}2v9pJyB�b}2�+nBu`q
v@u|}2p.v,�`�+s`q.�_v9s`p2q�{|�9��v@u�{`y8u��bv@qO����p.�_u��&�+��y8�+v@��v@u|})}.p2nB�+q	�`p2n[¤`�+�@�hv9q)v&¥`�+q2}.v@u|}�/<�+v@q��bnBu|®��+}.q�v@u|}2p2vxwzy8p&{|v@q�v@}
�hv9q2qJyFwBv@q	�&nB����v@u0qJy8}.nB�+p2v9qO�|��t nBpJ{�p2v�v@}	�+v�{|�@}2v9p2�h�+u`�+q.�hv	�_n[p2q){�s��dy8�+u|}2�+v@u�{|v��6y,�&n[�`�@p.v@u��&v4v@}	�+v@q§�b¡��b�_v9qO�

`Oa�bca;d e2fhgOikj�l&m
lTy��&nBuHª&s`wzyF�+q2nBuxv@u|}2p2v�w|y8p&{|v@q�v@}<��v@q2q&y8wBv9q��bnB�h��v@u`q&y8}.nB�+p2v@qkuTt v@q2}¦��y8qkq2�+�h�`�+vB�k¿�u�vb«�v@}H�Bs0u`v)w|y8p&{|v)v9}�s0u
�hv9q2qJyFwBv4�&nB����v@u0qJy8}.nB�+p2v���v9s`~Bv@u|}�Ä@}2p.v,v@uÀ�&nBu�®��+}�/T��t s`u��_u|}.v@pJ{|�+q&y8u|}�s`uh��v@q2q&y8w[vav9}��KtQyFs`}2p.v�u`�O�bv@q2q.�_}&y8u|}
�&v,��v@q2q&y8w[v���nBs`p�r[s`v�{�v@q�{|�@��v@u�{`yFu��&v@q4q.nB�+v@u|}��&nB�0�@p2v@u|}.v@qO�

n�n[s`q��+�_�+s`q.}2p.nBu`q	pJyF�`�6{|v@�hv9uz}	�6y,q.nB�+s`}.�_n[udr[s`v4u`n[s`q)�0p2nB��nBq.nBu`qH�co|n[�+v@u|}§{|v9q�nB¤Bªbv@}2q��&n[�+nBp2�9qOp�v@}
q�v@}
{|v@s�¥¯{|�@��v@u�{0y8u��&v9qsr�txv@}
r"uh{|n[uz}	�+v@qa�bnB�h��nBp.}2v@��v@u|}2q){�¡zu�y8�h�6r[s`v@q	q2n[u|}�/
r�tJvxw'y�z+{�|&}+~&��yU����r�~��&��p�yU���+r�~��&�������"�+r&�"~"�Fw�y'z+{�|&}�~���yU���+r&~��&��q�y����+r�~������
r"u�vxw'y�z+{�|&}+~&��yU����r�~��&��q�yU���+r�~��&������~��������"��~����������"p��&�

£4y8u`qk�Kt �@}&y8}o�+u`�+}2�6yF�K�7p4v@}4q4q2nBu|}�{|v)�&n[s`�+v@s`pT¤0�_v9s`vB�<lov¦�hv@q.qJy8w[vHp�y�z+{�|�}�~&��yU���+r�~��&���&����}�~<���@u`v@p&y8�+}
¢4s`uh�bnBu|®��+}<�@yFp)�6y�wzyFpJ{|v�{|v��6y4{|�@��v@u�{0y8u��&vJr"u4�@}&y8u|}¦ÃKy8s`q.q2vB�[�6y��h�@}.�`n`{|v�y�z�{�|&}�~&�UyU���+r�~'�&��q2s`p<��t nB¤Bªbv@}
� u`vxq2v@p&y8�+}���y8q�yF�`�`�+�6r[s`�@vB�

lov@q�p2�9wB�+v@q�rBs0v�u`nBs`q�yH~BnBu0q {��&��u`�+v@q�wzyFpJy8u|}.�_q.q2v@u|}�r[s`v��+v�q.¡zq.}2�@��vhq.v�}2p2n[s`~Bv���u�yF�_v9�hv@u|}a{0y8u`q,s0u
�@}&y8}��&n[�`�@p2v9uz}H�

� £ayFu`qo��t �@}JyF}o�_u0�_}.�6y8���2�6y	p.�@wB�+v<��� �	{|�&��u`�+}TrBs0v<��t �+u|}2v9pJ{|�6�&}.�_n[ua{otQyF�`�`�+�6rBs0v@p��6y	���@}2�`n`{|v�y�z+{�|�}�~&��yU���+r�~��&�
¢,��t nB¤Bª&v9}Oq�u`v,�h�9u`v���yFq�¢�s`ud�bnBu|®��+}H�



���Q¬0����p.nB¤`�+�@��v@q	Ã;n[u�{`y8��v@u|}JyFs|¥ ���

� lov@q,p.�@wB�+v@qx��� ��v@},���Q¬�q2���O�&�M��v9uz}�r[s`v�q2�¦�Kt �@}&y8}�{�v��Kt v@u0q2v@��¤`�+v�{�v@q�n[¤Bª&v@}.q��&nBu|}.p2�B�+�@qxuTt v@q2},�0�_s0q�¢
�Kt �@}&y8}<�+u`�+}.�$yF����yF�+nBp2q¦��n[s`p)�9~z�+}.v@p)s0ud�&n[u|®��+}O�[s`u`v��_u|}.v@pJ{|�6�&}.�+nBu��`p.n8~Bn`r[s`v�s`u�p.v@}2n[s`p�¢4��t �@}JyF}<�+u`�+}2�6y8���
�2�&�|q2�`�6y����@}2�0n�{�vOy�z�{�|&}�~&�UyU���+r�~'�&��y��@}2��yF�`�`�+�6rBs0�@v<q2s0p���t nB¤Bªbv@}�po�H�+v)}.pJy8�+}.v@�hv@u|}�{|v)��t �+u|}2v@p&{|�6�&}2�+nBu
{|v,�&v@}2}.v���Ä@�hv	�h�9}2�`n`{|v4q2s0p��Kt n[¤Bª&v@}Oq��`p.n8~Bn`r[s`v4s`u�p2v@}.nBs`p�v@uÀy8p2p.�+�@p2v�¢x��t �@}JyF}��_u0�_}.�6y8���

lTy�q2nB�+s`}.�+nBu�r[s`v,u0nBs`q,yH~Bn[u`qa�.�`n[�+q2��{0y8u`q,�&v��hn`{|�@�+v4v@q.},¤`p2s0}Jy8�+v,v9}av9�_�+v,���@p2�+}.v@pJyF�_}4{ot Ä@}2p.v­y��hu`�@vB�
�knBs`p	�+v��hn[�hv@u|}T�+n[p2qJr[sTt s`u0v��_u|}.v@pJ{|�6�&}.�+nBu�v@q.}�}2pJyF�+}2�@v�v@}§r[s`v�{�v@q�p2�Oy[�&}2�+n[u`q)p.v@q2}.v@u|}�¢4}2p&y8�+}2v9p)�+v�q2¡|q.}2�@��v
�&n[u`q2�6{|�@p.v­r[s`vx�Kt �@}&y8}�q2v@p&y��+u��&n[�`�@p2v9uz}4v@},{|n[u��4p.v@~|�_v9uz}4{`y8u0q���t �@}JyF}��+u`�+}2�6y8��� . p4�&v@}.}2v�ÃKy��&nBuÀ{|vxÃKy8�+p.vau0v
{|v@~|p&y8�+}4q2v��`p2n`{|s`�+p.vhrBs0v�q.�<�+v@q4p2�Oy[�&}2�+nBu0qap.v@q2}&y8u|}�¢�}2p&y8�+}2v9paq.nBu|}4�+�_�9v@q,¢h�6y��h�@}.�`n`{|v�yH¡zyFu|}a�&n[u�{|s`�+},¢
��t �_u|}.v@pJ{|�6�&}.�+nBuT�T£�v��hÄ@��vB�8�&v4p2v@}.nBs`p�¢,s0u��@}JyF}§�&n[�`�@p.v@u|}��_n[p2q�{|s�}2p&y8�+}2v9�hv@u|}){ot s`u0v�wzyFpJ{|v���n[s`p2p&y8�+}<Ä@}.p2v
�@~|�+}2�4{`y8u`q	�&v@p2}&y8�+u`q��@y8qH�|q2����t n[u­yH~ByF�+}��6y4��nBq.q2�+¤`�+�+�+}2��{|v�q&yH~BnB�+p<q.���6y4{|�@��v@u�{0y8u��&v�{|nBu|}<�`p.n8~|�_v9uz}¦�$y�w|y8pJ{�v
v@q.}a�&n[�`�@p2v9uz}.vB�

`Oa�bca�� 	�

��

����l�����l
��

� j:g
j������

l<t �+u|}2v@p.�`p2�9}Jy8}.�+nBuÁq2�@��y8u|}2�6r[s`v�{|v��6yhw[v@q2}.�+nBu^wB�+n[¤�y8�+v�{|v��6yh�&n[�`�@p2v9u��&vÀ{|v@q�{|�@��v@u�{`yFu��&v�v@q.}4Ã;nBp.}2v@��v@u|}
�+�+�@v­{¼t s0u`v���y8p2},¢��Kt n[pJ{|p.v­{|v9q {��@��v9u�{`y8u��&v@q���y8p4pJyF�`��nBp2},¢�s`uÁnB¤Bª&v9} {�nBu`u`��������� �!� �_n[p2q,{|s��9y8�6�&s`�){�v
��t v@u`q2v9��¤`�+v�{|v@q��hv9q2qJyFwBv@q��&n[�h��v@u`qJyF}2n[�_p.v@q	v@}�{otQy8s`}.p2v���y8p.}§¢x��t n[pJ{|p.va{|v�}2p&y8�+}2v@��v@u|}§{�v@q��hv@q.qJyFwBv@q��&nB��½
��v@u`qJyF}2n[�_p.v@q4¨;v9uh�`p.n8Ã;n[u�{|v@s`p&©@��°	v@}2}.v4q2�+}2s�yF}2�+nBu����@u`v�¢4s`u��hn`{|�@�+v�{ot �_u|}.v@p2�`p.�@}JyF}2�+nBu�u0nBu#"2{|�@}.v@p2���_u0�_q.}2vB�
?��+u`q.�Tq.s`�+~By8u|}��+v@qa{|�M«o�@p2v9uz}.q4nBpJ{�p2v@q4{|v,}2p&y8�+}2v9�hv@u|}�{|v@q��hv@q.qJyFwBv@q4�&nB����v@u0qJy8}.nB�+p2v9q�nBsÀ{|v9qa{|�@�+�@w|y8}.�_n[u`qO�
��t �@}JyF}<��u�y8�Tq.v@pJy��bnB�`�@p.v@u|}4�dy8�+q<��nBs0p2pJy�Ä9}2p2v�{|�M«��@p.v@u|}O�

� u`v�q2n[�_s0}2�+nBu^¢��&vh�`p.nB¤`�+�@��v���nBs0p2pJyF�+},Ä@}2p.vd{|v�q&yH~Bn[�_p4qHt �+�<v9q2}���n[q2q2�+¤`�+vh{|v�{|�&��u0�_pxs`u^nBp&{|p2v��+n`�@y8�
{|v@q,{|�9��v@u�{`y8u��bv@q���nBs0p �.��y[r[s`v,nB¤Bªbv@},�&nB����y8}.�_¤0�_v,yH~[vO�,s0uÀnBp&{|p2v�wB�+nB¤�y8��yF�+u`q2�<r[sTt s`uÀn[pJ{|p.v�w[�_n[¤�y8�T{�s
}2p&y8�+}2v9�hv@u|}�{|v@q���v@q2q&y8w[v@q��&nB����v9u`qJyF}2nB�+p.v@qO�<°	v@��v@u�{0y8u|}O���&v,}�¡|��v4q.nB�+s`}2�+n[uhq2v9��¤`�+va{|�$�d�&�+�+va¢�}.p2nBs0~Bv@pH�

`Oa�bca�% &'����l&j;fhg(������)+*�)-,����

lTy�Ã;n[u��&}.�_n[u {�v��dy8�+u|}2�+v@uÁrBs0v�u`nBs`q�yH~BnBu0q {��&��u`��y8sÁ}2p&yH~Bv@p.q�{|v@q�p2�@w[�+v@q,�`p.�O�&�O{|v9uz}.v@qhu0v�wB�@p.v���y8q,�+v@q
�&¡`�&�+v@qH�
?��_u0q2�Ts0u`v,nBs��`�+s`q2�+v@s`p.qa{|�9��v@u�{`y8u��bv@q,��v@s`~Bv9uz},{|�b��u`�+pa{|v9q��hv9q2qJyFwBv@q4�&nB����v9u`qJyF}2nB�+p.v@q���v@u�y8u|}
¢�{|v@q,yF�`��v9�_q���s`}2s0v@�+q��_u���u`�+qO� . pO�0u`nBs`q4yH~Bn[u`q�ª&s0q2}2�M���4��t v&¥`�+q2}2v9u��&v�{|v��&n[uz}.p2�[�_v9s`p2q,�&n[�h�hv�{�v@q4v@u|}2�+}2�@q
��v@p2��v@}2}&y8u|}§{�vaq.���H�&�M��v@p��+v��dy8�+u|}2�+v@u�w[�+nB¤�yF��{ot s`uhw[p2n[s`��v,{|v,{|�9��v@u�{`y8u��bv@q�v@}�{¼t n[¤Bª&v@}.qO�<�knBs`p�q.���H�&�M��v@p
s`u��dy8�+u|}2�+v@uxwB�+nB¤�yF��{|v��$yx�&nB�`�9p2v@u��bv�{ot s`u�v@u`q.v@��¤`�+va{�va{|�@��v@u�{0y8u��&v9q�wB�@p&y8u|}§{�v@q��`p2n[¤`�+�@�hv9q){|va�b¡��b�_v9qO�
�+�oq2s#�h}�{�v {��&��u`�+p�s`u`vxu`nBs`~[v@�+�+v�Ã;n[u��&}2�+n[ud{|v,��y8�+u|}2�+v@u/.10�230�465�7�y8q.q2n`�&�+�@v�¢xs`u�u`n[s`~BvOyFsÀ�&nBu|}2p.�B�+v@s`pH�

�knBs`p	wB�@p.v@p��+v@q��&¡`�&�+v@qO�0�$yx�&nBu|��wBs`p&y8}2�+n[u���y8p.}2�+v@�+�+v�v@q.}�v@u`p2�6�.�`�+v���nBs0p)�`p.v@u�{|p.v4v@uÀ�&nB���`}2v��6y4�+�+q2}.va{|v@q
�hv9q2qJyFwBv@q��&n[�h��v@u`qJyF}2n[�_p.v@q){|�Dª@¢,vb¥��H�&s`}2�9qO��lov�}2s`�`�+v98;:+<>=?<@�#<>=BA�<@�DCFE {�v@~|�_v9uz}�8':?<>=?<G�#<�=BA�<@�HCI<@�KJ�E
{`yFu`q��+vOr[s`v@�L�LJNMO�!�QP!<@:+<G� �3�QPSR�<@:�R�<G�TRU�WVXVUVY�	p.v@�`p2�9q2v@u|}2v��6y��_�+q.}2v�{|v9qa��v@q2q&y8w[v@q,�&nB����v@u0qJy8}.nB�+p2v9q��`p.�O�&�O{|v9��½
�hv9uz}<yF�`�`�+�6rBs0�@qO�H. 0�230�465!7 �[�$y�Ã;n[u��&}.�_n[u­{�v��dy8�+u|}2�+v@uk�@��v@s`}�y8�+nBp.q�Ä9}2p2v4{|�&��u0�_v���y8p){|v9q)p.�@wB�+v@q){�v�p2�@�O�bp2�+}2s`p.v
Z }.v@�+�+v@q�r[s`v�/

o|n[�_}	��t �@}JyF}�{|v@q�nB¤Bªbv@}2q�=9M[��\�����]B�3<G\���� ^T�3<TVUVXVX<G\_�`�Ta��!�KM'bc��dfeg�`h3�!�
.10�230�465!7T��hi<@:+<G� �jMk=_R
n_lm8;:+<>=?<@�#<>= A <B�`�3<T���KE�npo�q 8'r_s+<>=_Rt< <>= A <T���W<B���SP!<G:+<@� �W�SPSR`<@:�R�<G�TRU�WVXVUVXVY�HE

u�v@u�{|p2v
�$y��_�+q.}2v {�v@q����@}2�0n�{�v@q�y8�0�`�+�$r[s`�9v@q�nF«�p.v {|v9q��+u|Ã;n[p2��y8}2�+n[u`qdr[s`����v9s`~Bv@u|}ÁÄ@}2p.v s`}2�+�+�+q2�@v@q
��nBs`p,y8u�y8�+¡|q2v@p4�+v­�bnB�h��nBp.}2v@��v@u|}a{|sÁq2¡|q.}2�@��vh¨D}2pJy[�&vB��v&¥`�`�+�6�@yF}2�+nBu`qH�o{|�@¤�nBwzyFwBvO©9��lov@q,p.�@wB�+v@q4q.s`�+~By8u|}2v@q
{|�O�bp2�+~Bv@u|}��+v,ÃKyF�+} r[sTt s`u0v��h�@}.�`n`{|v�uTt v@q2}x��y8q�yF�`�`�+�6r[s`�@v�q2�	s`u`vhy8�0�`�+�$�9y8}2�+n[u��6{|v@u|}.�$r[s`v�yÀ{|�Dª@¢�v@s^�+�+v@s
��nBs`p4�6y��hÄ@��v,{|�@��v@u�{`yFu��&vB��lov@q4p2�9wB�+v@q,�`p.�O�&�O{�v@u|}2v@q�y8s`}.p2v@q,r[s`v��&v@�+�+v@q4wB�@p&y8u|}4�+v@q4�hv@q.qJy8w[v@qa�bnB�h��v@u|½
qJyF}2n[�_p.v@q<q.nBu|}��@}2v@u�{|s`v@q	q2�+�h�0�_v9�hv@u|}o��nBs`p��`p.v@u�{|p.v�v@uh�&n[�h�`}.v<��t �_u�Ã;nBp.�dy8}.�+nBuay9ª&nBs`}.�@v�¢��6y4�&n[u|��wBs0pJy8}.�+nBu
��yFp2}2�+v@�+�+vB�`yFs`q2q.�Tu`n[s`q�u`v4�+v@q��O�bp2�+~Bn[u`q���y8q��6�&��� . uÀ��n[q2v�/

021 �wv� ^!$#&%(' � �8� �?v3	T!6#&%����b�@��� �$���9-6�6#.A����+A[-;3�=��&�+-;3:!@!6�Q���;#����H%('5 �Q�
v3	T!6#&%���x 
 !6�Q���K#����H%&��!D!6���;#&%�!��8W�W7�;#9W�WJ%�PQPQPQ!6�FW98��;#9W98F%`y W PQPQPQ!6� Z W:��� Z W2%�PQPQPQ!6�HZ 8 ��#&Z 8 %`y Z %



��� � u���n�{��@�+va{|v,{|�@��v@u�{0y8u��&v9q

� '	!6���K#������J%T�v3	 

E �������K#����JI��.!$%���	 
 R¼S�� E �8W�W7�	�@L6�;#@W�W��	�JI��.!;!��8W6X��;#9W6XO%�PQPQPQ!6�FW98��;#9W98F%`y W PQPQPQ!6� Z W:��� Z W2%�PQPQPQ!6�HZ 8 ��#&Z 8 %`y Z %���!D!6���;#��K���&%�	 
 %�R
 \�� ]���


!����;#������J% v
	 

E �������K#����JI��2!D!6�FW�W;��#@W�W&%�PQPQPQ!��8W Z ���FW Z %�y W PQPQPQ!��OZ 8 �;#&Z 8 %�y Z %���	 
 RTS�� E �FW�W �����;#@W�W��	�JI����
��	 
 R


 \�� ]@]�


0�������� �2��!D!6�FW6X��K#9W6X@%�PQPQ!��FW98 ��#9W98�%�y W PQPQ!�� Z W7��� Z WJ%�PQPQPQ!6�HZ 8 �;#&Z 8 %`y Z %
°	v@q�{|v@s|¥�p.�@wB�+v@q�{|�&��u`�+q2q2v9uz}�rBskt s0u`v��h�@}.�`n`{|v�uTt v@q2}�yF�`�`�+�6r[s`�@v�rBs0v�q2�<v@�+�+v�u`v�ÃKyF�+}���yFq,��y8p.}2�+vh{|v@q

�h�9}2�`n`{|v@q�{��;ª@¢�y8�0�`�+�$r[s`�9v@q���n[s`p��6y,��Ä@�hv�{��@��v9u�{`y8u��&vB�

ACB�� ��VYR�[ ZJV����'Zs[ �"!kVLRFXL] N#!�XLMOK�P

$�¹&%�¸�· '&(�*)(&%�%@g`µ�(�³|¶�(|¹*'&+	º@n�n[}2p2v���n`{|�@�+v)v9q2}	¤�y8q.��q2s`p	�+v��&nBu|}2p.�B�+v�{|v���t v@u|~Bn[��{�v��hv9q2qJyFwBv@qH� n�nBs`q
�hn[u|}2p2n[u`q�y8s �.��yF�`�+}2p.v-,^{��N«o�@p.v@u|}2qh���O�@yFu`�+q2�hv9q,��n[s`ph�0p2v@u�{�p2vÀ�+vÀ�&nBu|}.p2�B�+vÀ{|v���t v@u|~BnB��{|v��hv9q2qJyFwBv@q
�+nBp.qJr[s`v��+v@q	�$yFu`wzyFwBv@q¦uTt n8«op2v@u|}<��yFq)�&v@}.}2v4��nBq2q.�+¤`�+�_�+}.�B� n�nBs`q¦��v@u0q2nBu0q/.10�243�562�3�r[s`v4�&v���n�{��@�+v)��v@s`}�{|nBu��
Ä@}.p2v,�+�h�0�_�9�hv@u|}2��{0y8u`q�{|�M«o�@p2v9uz}.q��6y8u0wzy8w[v@q�¢�nB¤Bª&v@}.qO�

$ ¸7'&8|´	(&%�9 ,�i8¸�¶O¸�¶�:�,*(&%Fº n�nBs`q4��nBu|}2p.nBu`q4{`y8u`qx�$y�q2s`�+}.vh{|v­�bv@}2}.vh}2�0�@q2v�s`u0v��_u|}.�@wBp&y8}2�+n[u�{`y8u0qas0u
�hn`{|�9�_vÀ¢^�&�6yFq2q2v9qO� n�nBs0qdyH~Bn[u`q��@}.s�{|�+�À��t �_u|}.�@wBp&y8}2�+n[u {|v^�&vÀ��n�{��@�+v¯{0y8u`q��_v��6y8u0wzy8w[vÀ¢^�`p.nB}2n[}�¡|��v@q
;�<7=�>@?BA ¾By`�DCFE7G7H A �JI§p.�&®�v&¥`�MÃ�KML&L7NPORQRHRS ; KUTRV > ,B�[y|��KWTRV > ,B¬ByPI2�-�¦�_v9u r[s`v��+v@q��6yFu`wzyFwBv@q�¢À�0p2n8½
}2n[}�¡|��v@q�u0vd�0p2nB��nBq.v@u|}���y8q�{|v��h�H�@y8u`�+q.�hv�{otQy8¤`q.}2pJy[�&}2�+n[uÂv@}h{|v�ÃKyB�b}2nBp.�+qJy8}.�+nBu �bnB�h��v,�+v@qh�&�6y8q.q2v@qh{�s
�hn`{|�9�_vÀ¢^�&�6yFq2q2v9q ; KUHRV > ,[¬PI��	�+v�ÃKyF�+}h{|vÀ�`p.nB��nBq2v9p¯{�v@q�v@u|}2�+}2�@q��&nBu��&v@�`}.s`v@�+�+v@�hv@u|}Ày8s0}2nBu0nB�hv9q���nBs`p
p2v9�`p2�@q.v@u|}2v@p��+v@qa{��@��v9u�{`y8u��&v@q�p2v@q.}2v�s`u yH~ByFu|}Jy8w[vB��?��+u`q.��s0uÀ�`p2n[}2n[}�¡z��v�{|�b��u`�+}4�_v9qa�@yFpJyB�b}2�@p.�_q.}2�6r[s`v@q�{�v
��t nB¤Bª&v@}1XH�`�|¡|q2�6r[s`vZY,r[sTt �+�Bp.v@�`p2�9q2v@u|}2v4q&y8u`q<�0p2v@u�{�p2v�v9u­�&n[�h�`}.v)�+v@q<{|n[u`u`�@v9q<p2v@�6yF}2�+nBu`u0v@�+�_v9q�yFs�q.v@�+u���Ä@�hv
{|v	q2v@q	�2��y8�h�0q�[�{|s��`p.nB}2n[}�¡|��vB�<°	v9q�{�nBu`u`�9v@q<q2n[u|}�q.���H�&�M���@v@q	v&¥`}2�@p.�+v@s`p2v9�hv@u|}���y8p��+v	¤`�6y8�+qT{|v��`p.nB}2n[}�¡|��v@q
p2v9�`p2�@q.v@u|}JyFuz}4�+v@q�{|�9��v@u�{`y8u��bv@qO�

¿�u\KML&L7NPORQRHRST�k�$y�r[s`v@q2}.�+nBuÂ{|s^�&nBu|}.p2�B�+v�{|v@q,��v@q2q&y8w[v@q,v@q.},q2�+�h�0�_v[���+v��hn`{|�@�+v,�0p2nB��nBq.��v@q2}x¤�y8q.�
q2s0p��6y�{|�O�&n[�h��nBq.�_}.�+nBu�{|v���t v9uz~[nB�<{|v���v@q2q&y8wBv9qO��]�nBs`}4n[¤Bª&v@},��nBq.q2�O{|v�s`u^���@}Jy�"Kn[¤Bª&v@}4p2v9q2��nBu`q&y8¤`�+vd{�v
�6y�p2vH�2�0v@pJ�.�`v^{|v@q����@}2�`n`{|v9qO� ����v@q.}hy8�+u`q.����n[q2q2�+¤`�+v�{|v���y8p.}2�6�&s`�6y8p.�+q2v@p�¢Àq.nBs`��y8�+}���t v@u|~Bn[�§{�vh�hv9q2qJyFwBvB�
£�v,�`�+s`qH���bnBu|}2p&y8�+p2v@��v@u|}a¢��KtQyF�`�`p2n`�.�`v�{�v_^a`DKWH > N ; KWH > N A �[y|�7KUH > N AbA I�s0uÀ�hÄ@��v4�h�@}&yT"�nB¤Bª&v@}�v9u
KML&L7NPORQRHRS���v@s`}4Ä@}.p2v�y8q.q2n`�&�+�­¢��`�+s`q2�+v@s0p2q4nB¤Bª&v9}2qO�4°	v@}.}2v�u`nB}.�_n[uÀv@q.}a�+����n[p2}JyFu|}2v,{`y8u0q�u`n[}2p2v��hn`{|�9�_v
��nBs`p�w[�@p2v@p��6y,w[�_n[¤�y8�+�+}2�4{|shw[pJyF�`�`v�{|v,{|�9��v@u�{`y8u��bv@qO�

n�n[}2p2v��hn`{|�@�+v,v9q2}xÃ;nBp.}2v@��v@u|}a¤�y8q2��q.s`p,s`u0v���v@p&�&v@�`}.�+nBu �bnB�h��nBp.}2v@��v@u|}JyF�_v�{ot s`u^nB¤Bª&v9}O��?�s`q2q.�K�<�bv
�hn`{|�9�_v���n[s`p2p&y8�+}�qOtQyF�`�`�+�6rBs0v@p§¢�{|v@q��6y8u`w|y8wBv9q§{otQy[�&}2v@s0p2qO�

c4¸�¹k¶�d6e`·D¹T¶"(&%W'DfN·�*-,�´;³"*)(|¹o¶�e`¶H·6¸�¹g(z¶
´;·�*^·D¶�(&%Fºih¼vÀ�_j`{|�9�lkBmbn@kBo�jZn@pÀyH~Zjbo@p��@q.��p�k�o|}.�Ây6p�p�n@q�kÁ�6y
��jbo@p2��p2}&y6o��rk�wB��jB¤�yF��k�{�nÁwZqJyF�`�@k�{�k�{|�@��k�o�{`yso���k�pH�d°�k@��k�o�{0y6o|}O����k�q.}Jy8��o@p�y6p2��kO�&}�p���j[�h�_kFn@oUq�k9}�jZn�q�¢
n@o��@}&y8}a�rjB�`��q�k�o|}���jZq�p�{�k���jbo|®��+}�p�{tk,wzysqJ{�k�pH�@p�jZo|}�{|�$�d�&�+��k@�_k�o|}�q2�OyF�+�lp&y8¤`��k�p���jbq�p�{�k4�vu �_���`�+�@��k�o|}JyF}2��jZok�
£wk��hÄ@�xkB���+�*k�p2}�{|�$�d�&�+��k­{tk�p�uQy6p�p�n@q�k�q���y6qan@o�k�p2���O�&�M���@yF}2��jZo\mZn&u n�oWo@jbn`~ZkHy6nÂ��jboz}�q2�[�lkPn@qak�p.}­��jbq�q�kO�&}
k@}��dy8��o|}2��k�o|}	�vu kPo@p�k@��¤0�lk,{�kPp {��@�ykPo�{`y6o���k�p/mbn7u �+�T��jZo|}�q2�B��kB��°�k��xj�{��@��ka{|�O�rq2�+},{�k,�dyso`�+��q�k4�6{|�OyF��k�{Ru n@o
�h�H�@y6o`��p.�_kd{tk�{|�@��k�o�{`yso���k�pH�Fp�k�q.}À{�kÀ¤�ysp�k�¢^{�kzo@jZn`~bkOy6n�¥�}�qJyH~Bysn|¥ ��k�q2�xk@}2}&y6o|}h{�kBp&yH~Zj[�lq_mbn@k9�_��k�p
��ysq2}2��k�p�{�n�wbqJyF�`�@k��yk�n0~Zk�o|},Ä@}�q�k���y8��o|}�k�o�n@k,��o�{��@�ykPo�{`y8���_k�o|}���k�pFn@o@kPp�{�k�p�ysn`}�q�k�p ;�{ I2��°�k@��k�o�{@|so|}O�
o@jbn@p}p�jB���_k�p<��jbo@pJ�&��k�o|}�p~mbn@k���k�p��+�+�h�+}�|8}2��jZo@p�{�n@k�p�¢x�vu �_���`�+�@��k�o|}4|F}2��jZo�{�jB�+~ZkPoz}¦Ä@}�q�k,�@q2��p�k�p1k�od�rjB�h�0}�k
|H��o¯{tk~p�|H~Zj[�lq1mbn7u k@�+��k�p��@q�j[�@q2�+�@}.��pa{tnd�xj`{|�@��k�q�k�p2}�k�o|}�~Z|8�+�6{�k�p	��jZq�p�{�k4��u �+�h�0�_�9��k�o|}4|8}.��jZoT�

��� �����������Z�&�����Z�����P�����6�6���l�r�	�1�����v�������������Z���1�Z�R���&�������Z�"�6���R�v���Z�*�6�v�����P�	���6�����Z���6�������Z���1�Z���Z�����1�����������Z���������������
�������Z�"�6���@�����6�R�6�v�6�6����� �



� � �� � � � ��� � � � 	 
 �
� �� ��� �� 
 ��� 	 	 � 	 � ���

��� � � �

����������������� �"! �$#%��&'���)(*�+���-,�. �/�102��34� &�56�736���8�69��1:;!%��(*��<6��9=:;�%� �>�6�?�@�A0>#%���B�6�29������'�C�D�E� �?�A�F��G H/GI��!J�K �/���)�$. L)�������'�C����� �"! �$#M0�� ,����NLO!%��9��1:P(*�?0RQ��1�O&'�S�'&E�D�����R�T#U�73@�AVA.W�A�X����9+�Y36�����E� �Z&����)(*�+���[� &�51�136�����1�/,,'�"#\���/,����/3@�����]&����)(^�=���[� &�56�131���6G`_O��!%�a9R�'Qb��!%�E9@�c!/�d<6�e#U�E�f�/���1,W� Q �c��!%�>�%�+�1,`�g�S!/�d<6�>9h�����'�C����� �"! �$#%��A�i!b�jH�! L��D�E<6���k�b&�56�136�CLl�E9@�����/�g�7,i0Z�b,'�a�f�A��HJ:N& Q �m�C!%�����c9h�����'�C����� �"! �$#%�?,'���=3@9@�)&������ �$.i�1�)�'�C��3m9h�����'�C����� �"! �$#%�&����)(^�=���i� &�51�136�N9���Vg��9����/3h�a�6Gon ;Ap TRE7G ,dqPI@r

£F|6o@pOs�k4t"uy|�vbwfx�q�kcv@q@y1t�y6z�k�o�x1{*slkc|_j z�}=slkOv@q�jdv�jZp"y�o@k4v�q@y�p�n v v�jZp4|EwAxPv�|6pOsvu ka~�w�p"x�k�o%trkez�k2tas |sp�p�k�p6r�°�kt"uy|�vbwfx�q�kBv@q@y�p�k�o�x�kitrjd|2|xk�o�x�n@o�x�k+s;|xj z�}+s�k4v�k�n x�Ä=x�q�k�w�o�x�q�j�ztn wAx4z@|6o�p/n@o]|xj z�}+s�k2�Rt�s�|6p�p�k�p1r�n1jYx�q�k|_j z�}=slk�z�y��yobwfx?s�k�p2z�y+vykPo%z@|6oJt�k�pRt�jd|B|_k?z�k�pxk�o�x@wAx@y�p2z�wlp"x@w�o%t�x�k�pZztk�p�jd�Bª�k=x�p2v�|6q@x"w�t�wAvy|6o�x�|6n�~Fz�y=vyk�o�½z@|so%t�k�p1ri�F|6o@p�o@jdx�q�k2v�q�jdv�jZp"wAx@w�jZoWzRu n@o�k?wlo�x"y+�Zq�|�x@w�jboMz�k�z�y+v�k�o%z@|so%t�k�p2z�|6o@p n@o]|_j z�}=slk?�Rt�s�|sp�p�kPp_|6nt"uy|�vbwfx�q�k?q {�o@jZn@pa|1�bjZo@pTª�n�p@x@w$�%ycs�|?z�w�p@x"wloJt�x@w�jZozk�o�x�q�k?t�s�|6p�p�k�p�k+xmz�y+v�k�o%z@|so%t�k�p1r n1jbn@p�v�q@y�p�k�o�x�jZo�p4z�jZoJts�|Ov s�|dtrkPz�k�p�z�y+vykPo%z@|6oJt�k�p�v�|6q�q4|�vbvyjbq@x1|6n�~2t�s�|6p�p�k�p1k+x�|sn�~?wlo�p@x4|so%t�k�p1r)¿�o�p�n wAx�kY{�k�o�o@jZn@p1|�vbv@n ��|so�x*p�n@qz�k�n�~Mk�~@k+|Bv s�k�p6{&o@jbn@pmv@q"y6t�w�p�jbo@p4s�k?�bj�tP|��@n s�|Ewlq�k�k+xms�|�z�y��yobwfx"w�jZoWz�k�pcz�y+v�k�o%z@|so%t�k�p1r °�kPpm�y|6p�k�pcy+x4|so'xv�jZp@yPk�p6{Do@jZn@p�wfsAs�n@p"x�q�jbo@pmsvu n x@wAsAw�p4|Ex@w�jZoRz�nWt�jY|2v�jZq"x�k+|xk�o�x�z���o�|�|2w�mbn@kdr�¿�o@p�nbwfx�kd{�o@jbn@pm|_jbo�x�q�jbo@pmt�jd|�½|_kPo'x*s�|Fq"y+w$�Xt�|�x"w�jZo2z�k�p;z�y+v�k�o%z�|6o%t�kPp1q�k�o|Ã�jZqhtrkPs�k�n�q*k�~ v@q�kPp�p@wA��wAx@yFk+xNs�k�n�qkwA|2v�jZq"x4|so%t�kdrT°�k=x@x�kFq"y+w$�Xt�|�x"w�jZo
o@jbn@pNv�k�q@|xk+x�z u |E�yjbqhz�kPqNsvu y1t�q@wAx�n�q�kPztkPz�y+v�k�o%z�|6o%t�kPp1k�o�x�q�kmz�y=vyk�oJz@|6o%trk�p6r;�wk;v s�n@p6{Ys�k�p;t�s�|6p�p�k�p�y+x4|so'x;z�k�p
jd�Bªrk+x�pmz@|so@p�s�kO|_j z�}+s�kc� ?J�6� V = NPS\{@o@jbn@pPz�y��yo w�p�p�jZo@pmz�kPp�z�y+vykPo%z@|6oJt�k�pak�o�x�q�k?t�s�|6p�p�k�pFk+xO|_jbo'x�q�jbo@pks�k�psAwA|2wAx�k�p*z�k1o@jYx�q�k�|_j z�}+s�k�s�jZq�p�z�k;svu uby�q@wAx4|E�Zk�z�k�tas |sp�p�k�pksAwAy�k�p�vy|6qkztk�p�z�y+vykPo%z@|6oJt�k�p6rOn jZn@p*q"y+v�jZo%z�jbo@p�k�o|½
p�nbwfx�k~|sn�~2v@q�jY� sA}+|_kPpkz�k�svu w�o%t�q"y+|_k�o�x�|�sAwAx@y;z�k�s�|mz�ya�yo wAx@w�jZo2ztk�p�z�y+vykPo%z@|6oJt�k�p�kPoZv�q�jdv�jZp�|6o�x*n@oBu y�q"wfx�|��bk
|dz�|�v x"y�|6n�~2z�y+v�k�o%z@|so%t�k�p1rk�&jZn�q*�yo w�q6{bo@jbn@pN|_jbo�x�q�jbo@p^trjd|2|xk�o�x7o@jYx�q�k�|_j z�}=slkDj8«Rq�kPztk�p*p�jYs�n x@w�jZo�p}|6n�~v@q�jd� sA}+|xk�p�ztkmsvu kPo%t�|�v�p�n s�|�x"w�jZo�k+xOz�kO| |�w�o�x@w�k�o2ztk�trjdu y�q�k�o%t�k2z�|6o@p;s�k�p;u wAy�q�|6q�t@ubwlkPpPz�kmt�jY|2v�jZp@wAx"wljbo\r

°�k�Ã�|�w�p4|so�x*o@jZn�p�z�y6t�q"wf�bjZo@p�s�kOs |so ��|E�ZkO� < �gmZnbw/wf|Bv sAy+|�k�o�x�k;t�km|xj z�}+s�k1k+x;z�jZo�x;svu�|6qht"u wAx�k6t�x�n�q�kFk�p@xy+x�n%z�wAy�kak�oRz�y=x4|�wAs�|6nZt"uy|Ev wAx�q�k A
D B+� ����� V���[���!JVQXLP X��;�2POVLXLZJV���POR

n1jbn@pmv@q"y�p�kPo'x�jZo@pcs�|Bv s�|dt�k2z�k2z�y+vykPo%z@|6oJt�k�p?vy|sqaq4|Ev vyjbq@x/|sn�~Wt�s�|6p�p�k�pcv@n w�pm��svu |Ew�z�k4zRu k�~@k+|Bv s�k�pFo@jZn@p|_jbo�x�q�jbo@pmt�jd|B|_k�o�xwn@o@kZz�y+vykPo%z@|6oJt�k�k�p@x?z�y��yobwlkBv@n w�pm|Bwlp�k/kPoW�Fn ��q�kxk�o�x�q�k�jY�Bª�k+x�p1r�°�k�p k�~@k+|Bv s�k�p
o@jbn@p1p�k�q"�Zk�o�xO�?z�y��yo w�q1o@jYx�q�kP�bj t�|��@nbs |Ew�q�kdr



��� �vo�x@y=�Zq4|Ex@w�jZo�z@|6o�p1n@o�|_j z�}+s�kP�?tas |sp�p�k�p�/�slk�s�|6o ��|��Zk���h .

bca:d�a;d �w�����j
���l&j:f�gN)-,	�H�#�#����
 �����f�4g���� g�)-���

�F|6o@p&o@jdx�q�k�|_j z�}+s�kd{1s�k�p*t�s�|6p�p�k�pkz�ya�yo w�p�p�k�o�xNs�|�p@x�q�n%t�x�n@q�kwk+x*slkPp^t�jY|2v�jZq@x�k+|_kPo'x�p\w�o�x�q"wlo�p@}�mbn@k�pNz�kPp jY�Bª�k+x�p6{s�k�pZz�y+vykPo%z@|6oJt�k�p�s�k�pZz�wM«/y�q�kPo'x�k�pRt�jZo�x�q4|�w�o�x�kPp_k�o�x�q�kMtrk�p_jY�Bª�k+x�p
���Zjdw�q��%�Zn�q�k�¬br_±��+r hRkRv@q�jd�bq4|�|B|_k�n�qz�y���o wAx;slkPpPt�s�|6p�p�k�p1{/t�q@y�k?z�k�p�w�o@p@x�|6o%t�kPp6{��������@3��Nz�k�pPz�y+vykPo%z@|6oJt�k�pFk+x���������.62	� slkPp1jd�Bª�k+x�p�wA|2vbsfw�mbn y�p�z@|6o@pt�k�p2z�y+vykPo%z@|6oJt�k�p
�	p�|6o@p?|xj�z�wj��k�qms�k�p?t�s�|6p�p�k�p �=r h k�p@��p@x"}+|_kd{�vy|6qcs�k2� w�|Ewlpcz�kRt�jZo�x�q"!ds�k�n@q�p6{�| |Ew�o'x"w�k�o�x
|6nbx�jd|�|�x"w mbn@k=|_k�o�x�s |Bt�jduby�q�k�oJt�kZz�n8�Zq�|�v u�k2z�k�pmz�y+v�k�o%z@|so%t�k�p2z�y6t�s�|6q"y�k�p6{&k�oWt�jbo�x�q	!Ys�|6o�x�s�k�pO|_kPp�p4|E�Zk�p
k�o��Zj��Yy�p�|6n�~ jd�Bªrk+x�p;sAwAy�p6r

B A

Légende

A est instance de B

Classe

avec donnée propre
Dépendance

� wf�bn@q�k,¬br_±�/ o�wfx�ny|�x"w�jZo_kPo'x�q�k4tas |sp�p�k�p6{Jw�o@p@x�|6o%trk�p�k+x�z�y+vykPo%z@|6oJt�k�p6r
hRk�p?z�y+v�k�o%z�|6o%t�kPp_p�jbo�x4z�w�p�p�j�tawfyPk�peztk�petas |sp�p�k�p�/?s�|#�����$��3���3�5%�RzRu n@o@k�z�y+v�k�o%z@|so%t�k�o7u k�p"xmvy|6pcsAwAy�k2�t�k+sAs�k�zRu n@o@k;t�s�|6p�p�k1k+x�s |Oz�y=vyk�oJz@|6o%trk�v�k�n x<Ä+x�q�k�|2w�p�k*kPo?�~nb��q�k1p�n@q�z�k�p*jY�Bª�k+x�p�� w�k�o_|�v@q"}�pNs�k�n@q�t�q@y�|Ex@w�jZoJ/wAs�p�u�|��YwfxOz�k?s�|&�'������.62�.(��3	5)�RzRu n@o@k?z�y+v�k�o%z@|so%t�kdr��wk4vbsln�p6{&n@o@kc|hÄ+|xk�z�y+vykPo%z@|6oJt�k�vyk�nbx,Ä+x�q�k2z�y6t�s�|sq@y�k

k�o�x�q�k4z�wM«/y�q�k�o�x�k�pOwlo�p@x4|so%t�k�p1r
bca:d�a�� *#,!,"+���l

,�4l�j:f�g��

hRkPpak�~@k+|2vbslkPp~p�n wA�Z|6o�x�pFo@jbn@pOvykPq@|_k=x@x�kPo'xcz�k?v@q@yPp�k�o�x�kPq4s�|�Ãv|_��jboMz�jbo�xPs�k�pcz�y+v�k�o%z@|so%t�k�p p�jbo'xcz�y��yo w�k�pv@n w�p�z�y1t�s�|6q@yPk�p6r
-4·D´	(x(|¶ *^³"*^¸�·	d6(�º
o�n vbvyjbp�jZo�p mbn7u n@o8v@q�jY�Zq�|�|2|xk�n@qF|�wAxmz�y��yo w�ztk�n�~Wt�s�|6p�p�k�pcwloJz�y+v�k�o%z@|so'x�k�p�/?s�|�t�s�|6p�p�k/.U�&{�y�0Wq�k=v@q@y�p�k�o|½x4|so�x1n@o@kmv wAs�k�k=x�s�|4tas |sp�p�k21�~'�+���43�q�k+v�q@y�p�k�o�x4|6o�xFn@o@k�|2y+|xjdw�q�kdr�h7|?t�s�|6p�p�k2.��&{&y�0Zz�ya�yo wAx~mbny|Ex�q�kO|By+x@u|½
j z�k�p�/ �����\{h�"����z\{3~�� �&�4365#k+x ~��"�&�73/r h7|]tas |sp�p�k81�~��+�U�43 z�y��yo wAxBslkPp2|2y=x@u@j z�k�p ��������~ {H�"|���������~ {
�&����{"r���~Ur&~���~�|&�+� {U��y"y��&� ��~�|�y"~ak+xO|+�����'���+r"r�5�rK�)s7n x"wAsfw�p�k�ztk�pOwlo�p@x4|so%t�k�pmz�kct�k�pmt�s�|6p�p�k�pFo@jbq@| |Es�k+|�k�o�x6r��n w�p1{%v�jZn�qPz�k�n�~ w�o@p"x4|so%t�k�pOvy|sq@x@w�t�nbsfwA}�q�k�p6{���t�n@o@kcv wAs�k~k=x
��t�n@o@km|By+|_jYwlq�kd{�wAs7p�jZn uy|EwAx�kak�~ v@q"wA|_k�q1n@o�kz�y+v�k�o%z�|6o%t�kY{ |Ev vyk=sfyPk:9;��9�562�3�<=���?>�0t.s2h{ k�o�x�q�kW��t k+xO��t�{/z�kmx�k=sfs�k p�jbq@x�k�mbn@kmx�jZn x�k�pOslkPpP�Z|Es�k�n@q�pOz�y+v wAsAy�k�pz�kOs�|mvbwfs�kFp�jYw�k�o�x1k�o@q�k=�dw�p@x�q@y�k�pmz@|so@p;s�|m|By+|_jYw�q�k;x4|so�x�mZn�k�trk+sAslk "Tt�w&o7u k�p@x;v�|6p;v s�k+w�o@k@�g�bjdw�q��%�Zn@q�k�¬ rBA��+r
²�³�C�¹�·D¶O·D¸`¹	º �&jZn@q2t�k¯Ã�|�w�q�kY{kwAs�z�ya�yo wAx�n@o@kiz�y+vykPo%z@|6oJt�kM|1�bk6tBsvu jYv%yPq4|�x�k�n@q_�+~��&r���|70\rp�)s�p"v%y6tawj��kis�k
��5%9w0t5s2"�D�E9��E�4�F�)G%�y.%9 3IHEJ,�;z�kPtrk+x@x�k�z�y+vykPo%z@|6oJt�km�Osvu |Ew�z�k�ztk�pk|By+x@u�j�ztk�p�z�y��yo w�k�p�vy|6q�slkPp�t�s�|sp�p�kPpK.U�&{�y�0
k+xL1�~��+�U�43�k+x�ztk�p�jYv%y�q�|�x�k�n@q�p\���"�+r&�"~"�Fk+x���~ �������"�+~��������X{Yt�jd|B|_k�z�y���o w^t�w$"�|�v@q"}�p6r



¬ r+±Yr^��y��yobwfx"w�jZoZztk�z�y+vykPo%z@|6oJt�k�p ���

15
70
24
15

6
68
51
24
10

70
1

15
2

24
1

4

valeurs dépilées
valeurs stockées

mémoire m1

pile p1

mémorisée-par

� wA�Zn�q�k,¬ rBA&/*�*wAs�kFk+x;|2y+|xjdw�q�k
t w ��~��&r��'|40 ����������	�
���
�������� w+v7���&{�y=0 v���~'�+���43��
u v���~'z+{����U�U�
� w w"w:�+��� v ���&{�y�04�����"�+r&�"~"��w����&�U��~ v���~��+���43 ��~ ���+r���� �
� ������� 
� ���!"
 � �$#��%�&	'!"��
(
)
�*+
 � �'
�,-	�
�*��'��
�#�� � 
.!"�/��������	"�'

0 w"w:�+��� v ���&{�y�04����~��������"��~�������� w:|�����������r"r�5 v���~��+���73��"�"�"�
1 ��� !"�2�3	'!"
 �54 
)
�*6#��%�3	'!)��
(7 � 
�
8	+!"�9���:���;	"�'
 �54 
"
�*2���"
<�5!"
;	 � 


o@|6o�p~kPo'x�q�k�q?z@|so@pOslkPp�z�y+x4|Ewfs�p1{/s�|?sAwA�Zo@k4qxp"v%y6tawj��k_mZn�k?sljbq�p�mZn&u n�o@k4vbwfs�kd{�q�kB��jdwAxan�oi|xk�p�p�|��Zks�����\{/s�k|_kPp�p4|E�Zk\���&�U��~ak�p"xFk�o��Zj��dym�cs�|�|2y+|xjdw�q�kd{�|1�Zk1tmt�jd|B|_k;�Z|EslkPn@q;s�k~q"y�p�nbsfx�|�xOz�n�|_k�p�p4|��bk3�����\r}h&|csAwf�bo@k
= p@vJy6t�w$�yk mZn�kPs�|�v wAs�k~o�kPv�jZn�q�q4| ka~�y1t�n x�kPqPs�|�|2y+x"u@j z�k3�+��� mbn@kFp"w\s�|m|By+|_jYw�q�k�o7u k�p@x�vy|6p;v s�k+w�o@kYr
²�³�>8´�e@d6e`¶H·;¸�¹	º ¿ o@p�n wAx�kd{*s�k4v@q�jd�bq4|�|B|_k�n�q�w�o%z�w�mbn@k k�o�x�q�k�mbn@k+sAs�k�pmw�o@p@x�|6o%trk�p6{*w�t�wH��t�k=x���t'{Us |�z�y=vyk�o�½z@|so%t�kFk�p@x�|2w�p�kwk�o��Fn ��q�k�/Nt6u k�p"x�s�|:��������.62�.��v3	5)�eztkPs�|cz�y+v�k�o%z@|so%t�kdr1h k�p�w�o@p"x4|6oJt�k�p���tak+x���tFp�jZo�x�|�s�jZq�pz�y+v�k�o%z�|6o�x�k�p1r

tFw7�+~�����|�~2��t�w:��{)0�~ ���&{�y=0 �"� ���(? ������*�	�� � # 4@��� 
A�&	'!"

u w7�+~�����|�~2��t�w:��{)0�~-��~��+�U�43��"� ���(? ������*�	�� � # 4@��� 
B�-�:����	"��

� w7�+~�����|�~2��t"���"������tFw:�+{)0�~ ���:�-����	�
��C
��������Ov7���&{�y=0 ��tWv���~��+���73 v���t&�"�
��� #�� ? !"���'��*�	�� � # 4@��� 
(#��%��
 � #�� ��? 
 �8D'�+�����"�CD"~&���+{U�E
 � *��'
F��GH
�*/��G

$JI->F´	+�%9·;¸�¹	º

�wk4s�|>|hÄ+|xkP|�|6o wA}�q�k/mbn@k?v@q"y6t�y6z�k=|2|_kPo'x1{�p�n v v�jZp�jZo@p mZn&u n�oiv@q�jd�bq4|�|B|_k�n�q |Ewfxmz�ya�yo w*n@o�ket�s�|sp�p�k2ztk��jZn x�jZo@p1r � oW��jZn x�jZo)k�p"x�n@o jY��K�k+xcvyjbp�p"y6z@|6o�x�n@o�k2�Z|�s�k�n�qak+xcvyjbn �Z|6o�x,Ä+x�q�k�p@y=slk1t�x@w�jZo�o y�jZnFz�y�p@y+s�k6tJ½x@w�jbo@o y���s�u�|EwDztk�z�kPpk|By+x@u@j z�kPpO�"~�r�~"y��/jbn���~ �"~Ur�~"y �/r7h k;v@q�jY�Zq�|�|2|xk�n@q*�ZkPn x*k�~ v@q"wf|xk�q*n@o�kPt�jbo'x�q4|Ewlo�x�kzRu k�~%t�s�n@p"wljbo?|�n x�n�k+sAslk1kPo'x�q�kFn@oxk�o@p�k=|?� s�k�z�k���jZn x�jZo@p4/�n@o_p�k�n s/��jZn x�jZoZztjdwAx<Ä+x�q�kFp@y+s�k6tax@w�jZo@oby���s�|�Ã	jYwlp1r
²�³�C�¹�·D¶O·D¸`¹	º �*s�n@p@w�k�n�q�p_p�jds�n x"wljbo@p�k�~ w�p@x�k�o�xZv�jZn�q_|6p�p�n@q�kPq n�o@kRx�k=sfs�kitrjZo�x�q�|�w�o�x�k3Lwo@jZn@p�|1�Zjbo@p2t"u@jdw�p@ws�|Bp�jds�n x"wljbo p�n wA�Z|6o�x�k�v�jZn@q�p�|Up@wA|2v sAw�t�wAx@yYr�M�k+x@x�kMz�y��yo wAx@w�jbo\{}mbn w1k�p"x2w�o@p"v w�q@y�kiztkZs�|8z�y��yobwfx"w�jZo[zRu n@o
o���o%t"u@q�jZo wON�k�qcz�k ; �*Q-P V_,"Q"I@{Rk�p"xP��|6p@yPk�p�n@qan�o@k4v�q@y6t�jbo%z�wAx@w�jboÀÃ	jbq@x�kez�n]t�jY|2v�jZq@x�k+|_kPo'x�ztk�pm��jZn x�jZo@p�/
n@o���jZn x�jZo�o@kFq�kB�rjdwAx;s�k�p�|xk�p�p�|��ZkPp�� ~Ur�~"y��/k+x3��~ �"~Ur�~"y ��mbn@kmz�kO| |so wA}�q�kF|�sAx�k�q�o y�kdr



��� �vo�x@y=�Zq4|Ex@w�jZo�z@|6o�p1n@o�|_j z�}+s�kP�?tas |sp�p�k�p�/�slk�s�|6o ��|��Zk���h .

t w ��~��&r��'|40 
�� ? ! � 
8	�� � �%� � * � 
�!�!"
 w�v��"���"�&��|����
u v@�&{�� w"w {�y����"�+~45�v7��|����"�&���U���"�_v�{�y"y"~"� �U��� {�y ���"��~45��"�
� v���~�z�{����U���
� w w"w7��~"� ~Ur�~"y�� v��"�&� �&��|��&�'��~"y"~"�)��~���� ��� �+r��"~"� w��"~����C{�y ���"��~45�r���|40��"��� �
0 w"w��"~Ur&~"y�� v �"�&�"�&��|��&����~ y"~"�"��~ ��� ��� �+r��"~"� w��"~����C{�y ���"��~45�r���|40��"��� �
1 w"w��"~Ur&~"y�� v �"�&�"�&��|��&����~ y"~"�"��~ ��� ��~ �������"�+~�������� w:|���� w�{�y����)��~45�r��'|40 �"�"� �"�
M�k+x@x�kZz�y=vyk�oJz@|6o%trk_p@vJy6t�w$�yk_mbn7u n@o8��jZn x�jZoUo7u k�p@xap"y+s�k6t�x"wljbo@o y_mbn@k�p"w}|6n%trn@oM|sn x�q�k?�yjbn x�jboWo�k4svu k�p@xz�y K=� �gsAwA�Zo@k,¾'�=r}h&|c�Z|6q@w�|E� s�kk{�y��+�"��~45Bq�k+v�q@y�p�k�o�x�k?s�k�Ã�|�wAx1mZn&u n�oZ��jZnbx�jZo�k�p"x6{�jZn�o@jbo\{@p"y+s�k6t�x"wljbo@o ydr�¿*sAs�k

k�p"x�|2w�p�kP�5K�jZn@q��ct"uy|Zmbn@k Ã	jdw�p1mZn&u n�o2��jZn x�jZo�q�kB�rjdwAx1n@o�|_k�p�p4|E�Zk@�gsAwA�Zo@k Q�k+x ='�=r
M�k+v�k�o%z@|so'x1{\wAs¼Ã�|6n xOv�jZn �bjdw�q�p"u�|6p�p�n@q�kPq/mbn@k4s�k�pOvy|sq@x"wDtawfv�|6o�x�pwp�jZo�xmz@|so@pFn@oRy+x�|�x4t�jYu y�q�k�o�x/|1�Z|6o�x;s�|z�y6tas |sq4|Ex@w�jZo\r�� |sq�k�~@k+|Bv s�kd{y|sn%t�n@o8z�k�pO�yjbn x�jbo@p�o�k4z�jdwAx�z�y�K+��Ä+x�q�k p@y+s�k6tax@w�jZo@obydrkn jZn@pFk�~ v@q"wA|_jZo�p�t�k=s |t�jY|2|_k1p�n wAx�/

w7��~ ����|�~&����~���z+�U� {�y ���U��|��:��~��&���+~&��~��U��~"y��+����~ w"w�r%0�~���yUr���� �U��|���� �&����~ r"r�~+� �'|����&{�� }��+�
w7�&������~U{�y�z)��~"� ~Ur�~"y�� w7}��"��~)r)0 v��"���"�&��|����"�"�

²�³�>8´�e@d6e`¶H·;¸�¹	º � o@k�Ã	jYwlpOz�y��yobwlkY{/s�|Zz�y+vykPo%z@|6oJt�k�k�p@xcz�y6t�s�|6q"y�k_kPo'x�q�k?v s�n@p"w�k�n@q�pO�bq�jZnbvyk�pcz�k?�yjbn x�jbo@p6r
}���t*k+x�}��+u1p�jZo�x\z�k�n�~m�bq�jZnbvyk�p*z�kN��jZn x�jZo@p\z�wlp"x@w�o%t�x�p7k�o�x�q�k�slkPp4mbn@k+s�p7ka~�w�p"x�k�o�x7n�o@kNz�y+v�k�o%z@|so%t�k�zRu k�~%t�s�n@p"wljbo\r

t w ��~�����|�~B��t w:�+{%0�~<�"�&�"�&��| �"� w ��~�����|�~B�+u w;�+{)0�~B� �&�"�&��|4�"�
u w ��~�����|�~B� � w:�+{%0�~<�"�&�"�&��| �"� w ��~�����|�~B� � w;�+{)0�~B� �&�"�&��|4�"�
� w ��~�����|�~B� 0 w:�+{%0�~<�+���&�&��| �"� w ��~�����|�~B� 1 w;�+{)0�~B�����&�&��|4�"�
� w ��~�����|�~-}���tFw:�+{%0�~ 
�� ? ! � 
8	�� � � � � * � 
�!�!"
 v�� �&�"�&��|��Fw�r��"� � ��t �+u � � � �"�
0 w ��~�����|�~-}��+u w:�+{%0�~ 
�� ? ! � 
8	�� � � � � * � 
�!�!"
 v�� �&�"�&��|��Fw�r��"� � � � � 0 � 1 � �"�

bca:d�a�% 	 fw) ��
K+�,	�Hj!
 �
²�³�C�¹�·D¶O·D¸`¹)(|¶�'T³�>F´	e@d6e0¶O·D¸�¹	º
hRkPp�ztk�n�~Wk�~@k+|Bv s�k�p�v�q@y6t�y1z�k�o�x�pm|xk+x@x�k�o�x�k�o)|1�Z|6o�x�z�kPn�~iv uy|sp�k�pmz�w�p"x@w�o%t�x�k�p�/�s |
�'� �$�@3��v3	5)�_k+x�s�|8�'���E�l.��
2�.��v3	5)�2zRu n@o@kmz�y+v�k�o%z�|6o%t�kYr
n1jbn@p�n x"wAsfw�p�jZo@p;s�kOx�k�q"|_kmz�k�
��'��0 �E� �Z.)� ��� ���K�����v3��%���?s�jbq�p4mbn@kFo@jbn@p�v�|6q@s�jbo@pzRu n@o@kcz�y+v�k�o%z@|so%t�k�k�o�x�q�keztk�p�w�o@p"x4|6oJt�k�p6rah kmx�kPq@|_k�
=�'��0 �E� �b.%� ������Ã�|�wAx;x�jbn K�jbn@q�p1q"y&Ãgy�q�k�o%t�k��cs |?z�y��yo wM½x@w�jboezRu n@o�k�z�y+v�k�o%z@|so%t�kdr���k;vbsln�p6{bo@jZn@p�Ã�|�w�p�jbo@p�n@o@k�z�w�p"x@w�o%t�x"wljbo?x)��vyjY�Zq4|Ev u w�mbn@k�k�o�x�q�k�s�k�pkz�y+v�k�o%z�|6o%t�kPp
k+x�s�k�pkz�y+v�k�o%z�|6o%t�kPp1k�� k1t�x@wA�ZkPp�/Ns�k�pkz�y+vykPo%z@|6oJt�k�p�p�jZo�xNx�jZn K�jbn@q�p�y6t�q@wAx�k�p1k�o?wAx4|Esfw�mbn@k1|�s�jZq�p}mbn@k;s�k�pkz�y=vyk�o�½z@|so%t�k�pwk�� k1t�x@wA�ZkPp |1�bk6t�s�|mx)��v�jd�Zq�|�v ubwlkOz�k��+{�y�z���|�~��+D"y��+����~ r

��������� ������!#"%$'&)()!�*,+�-.!�(,*./�()0�!1!32 !�0�$54768!9*)!;:</=*,+�-.!�(,*./�()0�!?>=@�>9A�B3CED#@GF�H7IKJ�B%L
M����N!�$�M��.O9"%P8(�$'*)!�"N*,+�-.!�(,*./�()0�!�"�!32 !�0�$54768!�"Q*)!Q:</1*,+�-.!�(,*./�()0�!?F3R�S�T7UVD#CWA�X,HY>9U)ZWU)F�TET7F�L

?�s�|B| |6obwf}Pq�k?z�n)pht"u y+|�|�t�s�|6p�p�k8[�w�o@p"x4|so%t�k�p1{*n@o@k2z�y+vykPo%z@|6oJt�k�q�k+v@q"y�p�kPo'x�k�s |xp"x�q�nJt�x�n@q�k�k+xms�k2t�jd|�½v�jZq@x�k+|_kPo'x2z���o�|�|2w�mbn@k2z�kPpZz�y+v�k�o%z�|6o%t�kPp k\� k6tax@wA�Zk�p1rT?�w�o@p@w;s�k�p�z�y+v�k�o%z@|so%t�k�p�k��Rk6t�x"wA�Zk�p_}U��tzk+x�}���uv�jZp�p"}6z�k�o�xxn@o@k2�Z|Es�k�n@qmv@q�jdv@q�k�vyjbn@q4s�|��Z|sq@w�|��bslkC{�y����"�+~45 k+x?vy|6q"x4|E�Zk�o�xcslkB|hÄ+|xketrjd|2v�jZq"x@|xk�o�x�z��B½
oy|E|2w�mbn@kdr
]�¹�e`¶H¸�*^·	(�'*f�+�¹�(B'k³",*(|¹ '&e`¹3>s(�º�F|6o@pOs�k?|_j z�}=slkcz�y��yo w1|6n]t"uy|�vbwfx�q�k QJ{7n@o�k2z�y+v�k�o%z@|so%t�k_kPp@x?t�|6q�|dt�x"y�q@w�p@yPkZv�|6qFn@o)o@jY|i{�n@o)k�o@p�k+|?� s�kz�kBvy|6q"x@w�t�wAvy|6o�x�p6{&n@o@k2v�q�jdv�q@wAy+x@y�mbn@k2s�k�pcvy|6q"x@w�t�wAvy|so'x�p4z�k�t�k+sAs�k�p�"@t�w;z�k+�Z|�w�k�o�xc�dy�q"w$�%y�k_k=x/n@oWtrjd|2v�jZq"x�k&½|_kPo'x;z���oy|E|2w�mbn@kdr\�wkOv s�n@p6{�n@o@kmz�y+v�k�o%z�|6o%t�kcv�k�n x�kPoZx�|6o�x�mbn7u k�o�x@wAx@ymz�ya�yo w�q�p�k�p�v@q�jdv@q�k�p��Z|sq@w�|��bslkPp}k+xt�jY|2v�jZq@x�k+|_kPo'x�p6r�M�k6t�w&k�p@xwp@��|?�yjYsAwlp"y6[kv�|6q;s�|O�J�Zn@q�k =br q r

M�jd|B|_k�o@jZn�pNsvu |1�bjZo@p�k�~ v sAw�mbn y1|6n2t"uy|�vbwfx�q�k;v@q"y6t�y6ztk�o�x6{ s�|�v@q�jdv@q"wfy=x@y�mbn@kPztjdwA�Zk�o�x*�dyPq@w$�yk�qNs�k�p�vy|6q"x@w�t.½wAvy|6o�x�p z u n�o@k�z�y+v�k�o%z@|so%t�k�vyk�nbx<Ä+x�q�k�vy|sq�Ã	jYw�p^x�q@}�p�t�jd|Bv sAw mbn yPkk�Oz�y��yo w�q1r<¿*sAslk�v�k�n xNvy|sq�Ã	jYw�p oby6t�k�p�p@wAx�k�q�ztk
��� �w�	���Z�����1�Z���������J�&�Z���*�����1�Z���*�"�/�6���P�����/�K^ �\_Z�	�����P����� ���w�l���6���6�����Z���D���~�"���������Z���������~�������	���#`4���Z�	�����Z�v���&�����6�v���v��a

�6���Z���#`��6�������Z�6���Z�v�R�%b������������ �



= r��Yr^��y��yobwfx"w�jZoZztk�z�y+vykPo%z@|6oJt�k�p ���

Dépendance

Comportement dynamique de la dépendance

Comportement propre du participant

Données propres du participant

Participant

Participant

Données propres de la dépendance

Comportement propre de la dépendance

Controle des messages

� wf�bn@q�k =br q�/��-j�z�y+sAwlp�|�x"wljboZz�kOs�|�p@y+vy|sq4|Ex@w�jZo�k�o�x�q�kajd��Krk+x�pwk+x�z�y+v�k�o%z@|so%t�k�p1r
|_j z�w$�ykPqNs�k�p}jY��K�k+x�p;vyjbn@qk�?w�o�x�q�j z�n w�q�kmz�k�p;z�jbo@o y�k�pwp�n vbv sAy+|_k�o�x�|�w�q�k�p�jZn�zRu Ä+x�q�kmz�y��yo w�kwk�o�x�k�q"|_kPztk�s�|
p@x�q�n%tax�n@q�kez�kPp1jd��K�k+x�p6r�r3M�k+x@x�k�Ãv|_��jbo ztk�Ãv|�w�q�k��Z|4��svu kPo%t�jZo�x�q�kmz�kFo@jdx�q�kmv�k�q�t�k+v x"wljboRzRu n@o�jd��K�k+x�trjd|2|xkzRu n@o@k��yj��Ax�k�o�jdw�q�kmz�jbo'x�o@jbn@p}o�k�trjZo@oy|Ew�p�p�jbo@p1mZn�kPsvu w�o�x�k�q�Ã�|dt�k���n@o�k�o@p�k+|?� s�kPz�kwp@��|?��jds�k�p*q�k+v@q@yPp�k�o�x4|so�xz�k�pB|2y+x"u@j z�k�p��+r ?�n�p�p@wOs�|8z�y��yo wAx"wljbo[zRu n@o@kRz�y+v�k�o%z@|so%t�kUo7u wA|2v�jZp�k?v�|6p?s�|Up@vJy6t�w$�Xt�|Ex@w�jZo[zRu n@o�kZx�k+sAs�kv@q�jdv@q"wfy=x@ydr�n1jZn�p;|_jZo�x�q�jZo�p}k�o A r qbr qmt�jd|B|_k�o�xktrk+x@x�kap@vJy6t�w$�Xt�|Ex@w�jZoSvyk�nbx�Ä+x�q�k/|:KrjZn x"y�kdr
c4¸+*-,<¸�d8¶"( *)(|¹k¶ '	�o¹�e&*^·�
�+�(�º hRk&�45)9�0@562"�	��9;�E�4� �%G%�y.)9/3IHEJ,��k�p@x?z�y��yobwl{*�Bsvu |Ew�z�keztkJv���~'z+{����U�U�/{vy|sq4s�|8z�jZo@oby�kRz�k�p8��5%�4<=��HEJ �E� ���?<
�-p�n@q?s�k�p?vy|sq@x"wDtawfv�|6o�x�p?�Rs�|Rz�y+vykPo%z@|6oJt�kis�jbq�p4mbn@kBsvu n�oFzRu k�n�~ q�kB��jYwfx
n@oB|_k�p�p4|��bk�v�k�q@x�n@q@��|6o�x6r5M�jd|2|xk}o�jZn@p�svu ka~�vbsfw�mbn@jbo@p*k�oFQ%r QJ{dsvu jdvJy�q4|Ex�k�n�q
���"�+r&�"~"�mz�y��yo wAx�n@o�|_k�p�p4|E�Zkt�jY|2v�k�o@p4|Ex�jYwlq�kK��sAwf�bo@k���jZn@A'�&k+xNsvu jdvJy�q4|Ex�k�n�q���~������ �"��~����U���Oz�y��yo wAx�n@o@k;t�jbo%z�wAx@w�jZo?z�k+�Z|so�xTÄ+x�q�k��Yy�q@w$�%yPkv�jZn@q�|sn x�jbq@w�p�k�q;svu�|�vbv sAwDtP|�x@w�jbo2z�kOs |�|2y=x@u@j z�kmt�jbo%t�k�q�o y�kdr

� !90#P��1-KP��%$%!��1!�(�$�*���(./��94���&)! *)!;:</ *,+#-K!�()*K/�(,0�! F3RVS�T7U�D�C<A�X,H >9U)Z�U�F\T<T7F "%-.+�0G4��.!���&�� &,( "%!�&�:�*)!�" �.P�&"!
$%P8(," (�� !#"%$Q/�0�$5476�+$#;:</&%�P�47"�L	'�: !�"%$ "%-K+#0G4��K+=0�P��(�1!�"%&�47$�)

� *,+.-�/.0�132�4�576"6"698�-":"-";"-�<�=>*,+"?�="=�4�@.:V�A5�-�<"-B2A1�-�5�CD2����.;�2�-":E6F:"-�=HG$0"<�=32A1�-"IJ;�2�@�KML"N�C"C
O 6"6F:"-";"-"<�=>*,+"?�="=�4�@.:,�A5"-"<"-B2A1�-A5�C 2����.;�2�-":E6F:"-�=HG$0"<�=32A1�-"IO;�2�@�KPL"=�C"C
Q 6"6F:"-";"-"<�=>*,+"?�="=�4�@.:,�A5"-"<"-B2A1�-A5�C �.-�5���2A="=�-�8K��2AN76R@.4�=S6F0"<�=32A1�-"IT;�2�@�K�C"C"C"C

UFe@d"V�e�WHX	(&%Fe�>BY�V�%�(�%BZ � o@kmz�y+v�k�o%z�|6o%t�k?z�y���o wAxPz�k�p��Z|6q"w |E� s�k�p�q�k+v@q"y�p�kPo'x�|6o�xOs�k�p�jY��K�k+x�p�vy|6q"x@w�t�wAvy|so'x�p��s�|4z�y+vykPo%z@|6oJt�kdr\[*sAs�k�p1p�jbo'x�z�y��yo w�k�pF|�v@q"}�p;s�k~o�jd|�z�kOs |cz�y+v�k�o%z�|6o%t�k �gsAwA�Zo�k]�=��/
�^698�-�N�;�2�@�KP_a`F_�b"c�dAe3`"f"gRhji"ck6�*9:�=�0"<�Kl*��.-��.4�5"m�CMn"n"n�C
OS65�.0�K�-P_a`F_�b"c�dAe3`"f"gRhoi�cp*9:�=�0"<�K ���>*��.-��.4�5"m?���"C

M�k�p*�Z|6q"w�|�� s�k�p&q�k�p�p�k+|?� s�k�o�x*|6n�~4|_jYx�p�"@t�sAy�p <7= NPSan x@wAsAw�p@y�p*s�jZq�p^z�k;s�|;z�y1t�s�|6q4|Ex@w�jZo?zRu n@o@k�z�y+v�k�o%z@|so%t�k2��sAwf�bo@k
A'�=rD[�oWk\� k+x1{7o�jZn@pm�bjZn s�jbo@p~mbn@k?svu n x@wAsAw�p4|Ex�k�n@q;��|6q�z�k2�Bs�u k�p"v@q@wAxambn@k?z�k?x�k+sAs�k�pO�Z|6q"w�|�� s�k�p�Ã	jZo�xFq@y&Ã�y�q�k�oJt�k
|6n�~MjY��K�k+x�p |6p�p�j t�wAy�p |sn�~]|_jdx�p�"@t�sAy�pOs�jZq�pcz�k?svu w�o@p"x4|so%t�w�|�x"wljbo\r?�&jZn@q4t"uy|bmbn@kZz�y=vyk�oJz@|6o%trk k\� k6tax@wA�Zkd{*s�k�p�Z|6q"w�|�� s�k�pa|dtax@wA�Zk�p�q�k+v@q"y�p�kPo'x�k�o�x?s�k�pajd��Krk+x�pmv�|6q@x"w�t�wAvy|6o�xm�Bs |�z�y=vyk�oJz@|6o%trkdr � o]|�Ä+|_kFjd��Krk+xmv�k�n x,Ä+x�q�k
|6p�p�j t�wAy]�8v s�n@p@w�k�n@q�p��Z|6q@w�|E� s�k�p_|dt�x"wA�Zk�p�|�v vy|sq@x�k�oy|6o�x��]z�wA�Zk�q�p�k�pRz�y+v�k�o%z�|6o%t�kPp6r hDu�|��Rk6t�x4|Ex@w�jZo[z�k8t�k�p�Z|6q"w�|�� s�k�p1|csAwlkPn2s�jZq�p�z�kOs |cz�y6tas |sq4|Ex@w�jZoRzRu n@o@kmz�y=vyk�oJz@|6o%trkdr
q�r � �	���	���Ds����r�Z�	�����Z���J���AtF�6�����\u������F�����Z�����6�����w���B�	���Z�1�����v��� �wv �-� b����FxR���������r���6�������J�����"�"�6�����v���D��� �Z���������_�6�

�6�v�����r�Z�"���������a�����6�}��^ �P�������Z�	�P�������/�6� �������	���P���*�������a�6�v���������������/�6�w�������	�P�������Z�w�������v���������Z�F�Z�P�}�zy������	�����v�6�H{a�6�Z�
���r�Z�	�����Z���Z��� 
 ���r��� ���}| � ~�� � ���R���}| � | � ��
��



��� �vo�x@y=�Zq4|Ex@w�jZo�z@|6o�p1n@o�|_j z�}+s�kP�?tas |sp�p�k�p�/�slk�s�|6o ��|��Zk���h .

� / *)+�-K!#(,*./�()0�! >9@�>=A�BGCED#@3F\H7I.J�B'*)+z�.(V47$ *)!�&�� 68/��54</A�V:7!#"\*9:�=�0"<�K !#$ *��.-��.4�5"mKL�� P8&��1:</?*,+#-K!�()*K/�(,0�!
!32 !�0�$54768!;��������� ��������:</968/��54</A�V:7!$*9:�=�0"<�K&�%+F%�+��%!': � P��	�%!#$'����L
� /'*)+�-K!�()*./�()0�!1F3R�S�T7UVD#CWA�X,H >=U,Z�U)FGTWT7F,*)+z�.(V47$ &)(,! 68/��54</A�V:7! /�0�$54768!\*,+.4�?�=�4�@.:,L�
�!�$%$%! 68/��54</A�V:7! /�&��3/Q-KP�&��
68/�:7!�&�� :</9: 47"%$%!9*)!�" �KP�&)$%P�()"(2)���328O���2 Q -KP8&�� :</1*,+�-.!�(,*./�()0�!1!32 !�0�$54768!9M���� !�$\2
��� 2�����2��Q-KP8&��NM��.O,L

UFe@d"V�e�WHX	(&%1(3Y >��+*-,��yd"Y"("*)(��	Y %�,�d	��,�d6(�%BZ � o@kOz�y+v�k�o%z@|so%t�k4z�y��yo wAxkz�kPp�z�jbo@o y�kPp1k+x�ztk�p�trjd|2v�jZq"x�k��|_kPo'x�p\v@q�jdv@q�k�p6r�n1jbn@p�o@jd|B|_jZo�p �6.62�3	.�������<^z u n�o@k�z�y+vykPo%z@|6oJt�kd{ s�k�p*�Z|sq@w�|�� s�k�p*z�y6t�q"wA�Z|6o�x*slkPp ztjZo@o yPk�pkv�q�j	�v@q�k�pPz�k�s |cz�y+v�k�o%z�|6o%t�kYr�v@�&{U�?v�k�q"|_k+x�z�kOs�k�p�z�ya�yo w�q6r���kO|�|6o wA}�q�k�p@wA|Bwfs�|Ewlq�k�|6n�~��Z|6q"w |E� s�k�p;zRu wlo�p@x4|so%t�k�p
k�o�� < ���\{bwAsRk�p@x�vyjbp�p@wA� s�kmz�kmz�y���o w�q1n@o@km�Z|EslkPn@qkv�|6q�z�y&Ãv|6n x1k+xOz�k�p�|Yt+t�k�p�p�k�n@q�pmv�jZn@q�t�kPp��Z|6q"w�|�� s�k�p1r

� / *)+�-K!�()*./�()0�!�FGR�S�T7U�D�CWA�X)H%>=U,Z�U�F�TWT F=*,+F�K(�47$ &)()! 68/A�54</���:7!M0"<�=32A1�-"I 47(�47$54</\: 47"%+�! #k% /�&��KL�
�!G: :7!�� 0G4
�%!#-��%+�"%!#(�$%!;:7! % /�47$ ��&�� &)( *)!�" �KP�&)$%P�()"Q"%P�47$�/�0#$5476�+=P�& ()P�( L

*R1�0�5 6"6F0"<�=32A1�-"I *z2�@�2A="N�4�5�� L"N *90"<"<"-":":"4�5O0"<�=32A1�-"I3C"C

hRk�pct�jd|Bvyjbq@x�k=|_k�o�x�p�v@q�jYv@q�kPp4zRu n@o@k?z�y+v�k�o%z@|so%t�kxq�k+v@q"y�p�kPo'x�k�o�x?svu kPo@p�k+|?�bslkmz�kPpajdvJy�q4|Ex@w�jZo�p mbn7u n@o�kz�y+v�k�o%z�|6o%t�k)k\� k6tax@wA�ZkUk�p@xxp�n@p�t�k+v x"wA� s�kMzRu�|Yt+t�jd|Bv sAw�q6r\]�q4|so@p@v�jZp"y�k�pRv�jZn@q�z�k�pxjd��K�k+x�p6{�trk�p�jdvJy�q4|Ex@w�jZo@pt�jbq�q�kPp@v�jZo%z�kPo'xm�cz�k�p�|2y+x"u@j z�k�p6r�n jZn@p�z�y6t�q@w�q�jZo@p�v s�n@p;v@q@y1t�w�p@y+|xk�o�xPz�kOx�k=sfs�k�p;w�o|Ã�jZq@|�|�x"wljbo@p�k�o/=br qbr
bca:d�a�`  �"!kg3j�l&j;fhg(��l�����)-,"�H
,�4l�j:f�g ��*
gK�H� j$#L+��'������� �f��g��K�Hg�)-�1�
hRkPp/k�~@k+|Bv s�k�pOv@q@y1t�y6z�k�o�x�p�jZo�xm|_jbo�x�q@y�mbn@k?s�|&�'������.62�.(��3	5)�Rz���oy|�|Bw�mZn�k4z�kZz�y+vykPo%z@|6oJt�k�p�k�o�x�q�k_jY��K�k+x�p
k�p"xkv�jZp�p@wA� s�kdrN� u�|6n x�q�k;vy|sq@x6{Ys�| �'� �$�@3 ��3	5)�4z���oy|E|2w�mbn@k;z�k�z�y+v�k�o%z@|so%t�k�p�%/kPp@x�wloJz�y+v�k�o%z@|so'x�kP�Os�|�Ã�jdw�pkz�k�pt�s�|6p�p�k�pOz�k�pwjd��K�k+x�p1k+xPztk�p~|sn x�q�k�p�z�y+v�k�o%z@|so%t�k�p1r
$JIR("*-,HX�(oZ h7| q�k+v�q@y�p�k�o�x4|�x"w�jZo`�Zq4|Ev u w�mbn@kiz�kPpZvbwfs�k�p�o7u�|8vy|sp�y+x@y8v@q@y=��n�kMz@|so@p�s�k�p�Ã	jbo%t�x"wljbo@oy|EsfwAx"y�p
j��Rk�q"x�k�p;vy|sqNs�|Ot�s�|6p�p�k .��&{�y=0\r�otn v v�jZp�jbo@p1mZn�k;s�u n x"wAsfw�p�|�x�kPn@q*�Zk�n wAsAs�k�|1�ZjYwlq�n@o�k1q�k+v@q"y�p�kPo'x�|�x"wljbo��Zq4|Ev u w�mbn@kz�kBs |Bv wAs�kW��txk+x�mbn7u wfs*|Ewfxc��p4|Rz�wlp"vyjbp@wAx@w�jboWn@o�kZt�s�|6p�p�k�mZnbwNv@n w�p�p�k_q�k+|2v sAw�qmt�k+x"x�k�Ã	jZoJt�x@w�jZoJ/Os�|Rtas |sp�p�k
.���|�}&r�~&�'&�~"�"y����'�&�&���%r�M�k+x@x�ketas |sp�p�k4t�jd|Bv x�kOvy|sq@|Bwyp�k�p�Ã	jZo%tax@w�jZo@o�|�sAwAx@y�p�s�k�p�|By+x@u@j z�kPp
��~�������~&���+�������/{
{��"��k+x
��~"�"~ �/r�&jZn@qBsfw�k�q�n�o@kiw�o@p"x4|so%t�kiz�kSs |]tas |sp�p�k .��&{�y=0\{ ��t�{�k+x�z�kis�|]t�s�|sp�p�k
.&��|&}&r�~��'&�~"�"y �����&�&�U�J{H}"������t�{s�kRv@q�jd�Zq�|�|B|_k�n@q?z�y���o wAx2s�|)o@jbn �Zk=sfs�kRz�y+v�k�o%z�|6o%t�kY{�2	�v0�2	��<=�E�4�D���?>�0t.s2�{4z�jbo'xBs�|]z�y��yo wAx"wljbo k�p"x ztjZo@o yPkt�w$"@z�k�p�p�jZn@p/���ZjYwlq��%�Zn@q�k =br QJrP[*sAs�k�p@vJy6t�w$�ykBmbn7u n@o]|_k�p�p4|E�Zk\�+���Mp�n@q4s�|�vbwfs�k?wA|2vbsfw�mbn@kms�k�q�k+x�q�|�wAxeztk2s�|�Z|�s�k�n�q��Zq�|�v ubw mbn@k?t�jbq�q�kPp@v�jZo%z@|so�x�kd{�mbn7u n@oR|_kPp�p4|E�ZkW�"����zBp�n�qPs�|>v wAslk�wf|Bv sAw�mZn�k�svu�|:K�jZnbxPz�kcs�|�o@jbn �Zk+sAs�k�Z|�s�k�n�qK��sfwA�bo@k�p �m�)('�+rN� n w�p6{ wAs\z�y1t�s�|6q�kOs�|cz�y+v�k�o%z@|so%t�k k�o�x�q�k�slkPp1jd��K�k+x�pO��tFk+x3} ������t@�gsAwA�Zo@k A �=r
t w7��~ �&r���|40E�'
%�-�'�)
�
 � *��C
�������� w�v����Ur�~Qv�}"��{��"z��+*���~+�
u v ��~�z+{��+�U���
� w w"w:�+��� v����Ur�~+� ��� �+r��"~"� w7��~'�+����~&�'���������Qv�} �&{��"z���*���~+�"�
� w"w:�"���'z v����Ur�~9�&{"r�~������ ��� �+r��"~"� w�{�� � v�}"�&{�� z��+*���~ w 	 � *;��*������&	���
�!:
2�&{"r&~��&���"� �
1 w"w�~��"���43 v����Ur�~+� ��� �+r��"~"� w7��~ �"~�� v�}"��{��"z��+*���~+�"�"� �

, w7��~ ����|�~�}"������tTw:�+{%0�~ �"��|&}&r&~&����~"� y������&�������U�.-�-0/	132�4"5�506�70498�:�4"5�;<8�1"=�7�=�>�/	1@?�4�7
:�A9>�B�C�8
D w7��~ ����|�~-��t"�'}"�&{��"z�tTw:�+{)0�~H�'
%�-���"
�
 � *C��
��������@v����Ur�~-��t v�} �&{��"z���*���~-}"������t&�"�

M�k+x@x�keztk�q�o wA}�q�kez�y��yo wAx@w�jbo kPp@x�w�o%z�y+vykPo%z@|6o�x�kez�kmt�k=sfs�k4ztk 9��E9�562�3�<=����>�0@.62�|Es�jZq�p;|�Ä+|_k�mbn7u k+sAs�k�p�t�jbo��t�k�q�o@k�o�xOs�k�p;|hÄ+|xk�p*jY��K�k+x�p1r
bca:d�a�b e2fK� � ��ghl,�Hj!

�1� �4+�
 ,!�1� �"E���� ��,!�-���|6qms�|�t�jbo|Ã	q�jbo�x4|�x"w�jZo]z�k�p k�~@k+|2v s�k�pmz�jbo@o y�p?t�w$"@z�k�p�p�n@p6{�o�jZn@pc|_k+x"x�jbo@pFk�o |1�Z|6o�xmz�k�p?t�|6q�|dt�x"y�q@w�p"x@w�mbn@k�pz�k�pOz�y+v�k�o%z@|so%t�k�pOv@q�jdv�jZp"y�k�p6r
F 0 �_�6��������� �"�����"�	Gv����xZ�Z�r�Z�}�����Z�����6�����r�J���P�Z�1���a�6���6�6��������� �	H��Z���1���P�6�}�6�w�6�v�����Z�6���Z���v�&�����	��� _6��� �/� �������Z�6���J�zx

�����	���&��������� _6�������	�&�6�v�����Z�����	���v�6�����������v�1�v�6�@���@���������Z���P���R���1�6�������v�6�	���"�@�������"�	Gv��� �����	�����R�6�*�v�v�����7�	H��Z���1���P�Z�v�1�v�6�������
�������Z�����6�����@�P�6�Z�v�v�6�v�����v�6�	�����������R�6�������Z�6���Z���v� �



= rBAbr��B|Ew�o'x"w�k�oZz�k�s |ct�jYu y�q�kPo%t�k ���

 6
 68
 51
 24
 10

15
70
24
15

15 24 70
 2   1   1

4
gs1

68

51
24

représentée−par
mémorisée−par

mémoire m1

 valeurs dépilées

valeurs stockées

graphic−p1

pile p1

� wA�Zn@q�k = r Q+/*�*wAs�kd{�|2y+|xjdw�q�k1k=x1q�k+v@q"y�p�kPo'x�|�x"wljboR�Zq�|�v ubw mbn@k
��� o�kiz�y+v�k�o%z@|so%t�k)k�p"x�p@vJy6t�w$�%y�kUk�o n x"wAsfw�p�|6o�x2z�wE�XyPq�k�o�x�p�|xk�p�p�|��ZkPp_k�o��Zj��Yy�p |sn�~ z�w7�/y�q�k�o�x�pvy|sq@x@w�t�wAvy|so�x�p^ztkks�|;z�y+v�k�o%z�|6o%t�kYr*]�jZn@p/s�k�p*|xk�p�p�|��ZkPp^z�kNx�jZn@p*s�k�p&jd��K�k+x�p*vy|6q"x@w�t�wAvy|6o�x�p\v�k�n �ZkPo'x
� x�q�kan x"wAsfw�p"y�p;vyjbn@q;s�|ap"v%y1t�w$�Xt�|�x"w�jZoiz�kOs�|cz�y+v�k�o%z@|so%t�kdr

� hRkPpPz�y+v�k�o%z�|6o%t�kPp~p�jZo�x1o#"�|�w�q�kPp�/�n@o��Zq�jZn v�kmzRu jd��K�k+x�p�v�k�n x � x�q�k p�jbn@p;w�o��yn@k�oJt�k4z�kOs�|m| � |_kz�y+v�k�o%z�|6o%t�kYr
� hRkPpez�y=vyk�oJz@|6o%trk�p�p�jbo'x�o@jZo#"vjZq"w�k�o�x@y�k�p4/4s�k�pcz�y+v�k�o%z@|so%t�k�pxo@k2z�w�p@x"wlob�Zn@k�o�xmv�|6p4zRu jY��K�k+xmv@q"y��z�jY|2w�oy|6o�x/vy|sq*q4|Ev v�jZq@x�|6n�~ |sn x�q�k�p6rH�)s�o7u �/|Ovy|sp ztk1q�k+s�|�x"w�jZo?z�k29 .
	��v2	��> �?<=����.��%��k�o�x�q�k�jY��K�k+x�pt�jY|2|_kct6u k�p@xms�k2t�|sp4z@|so@p?�aO�� > V�L ; � L QREM,�
Z|�{*�*LRQRE),�
E�\{*�*LRQRE),�
dtE{��~T ? L , ��I jbnMztk
< L&G7ObHRV�� ; K)LRTRQ ,�Q"ITr

� M�jZo�x�q4|�w�q�k+|_k�o�xF|6n�~ o���oJt@u�q�jZobw NPk�q�p ; �*Q-P V ,YqPIT{Uslk?t�jY|2v�jZq@x�k+|_kPo'x�z���o�|�|2w�mbn@kao�k/p�k?sfwA|Bwfx�kvy|spk�Ot@u�|6o �bk�qNsvu y+x4|Ex^z�k;s�|Oz�y+v�k�o%z@|so%t�kwjZn?��v�q�k�o%ztq�k�kPo2t�jd|Bv x�k;t�k+xNy=x4|�x�z@|6o@p*s�|Oz�y��yobwfx"w�jZoz�k�p;t�jbo%z�wAx@w�jZo�pkzRu�|dt+trk+v x4|Ex@w�jZo�zRu n@oc|_k�p�p4|��bkdr [�o�k��Rk+x1{@n@o@k�z�y+vykPo%z@|6oJt�k4z�y6trq@wAx�ztk;| |6obwf}Pq�kz�y6tas |sq4|Ex@wA�Zkms�kO| |Ew�o'x"w�k�oZz�k�p4|2trjdu y�q�k�o%t�k?��|6p@yPkap�n@qOsvu k�o��ZjYw\z�km|_kPp�p4|E�Zk�p�|sn�~Rvy|6q"x@w�t�wAvy|so'x�pz�kOs�|?z�y+v�k�o%z@|so%t�kdr
� hRkPpkz�y+v�k�o%z@|so%t�k�p���|Yt�x�jbq@w�p�k�o�x*s�k�trjd|2v�jZq"x�k+|xk�o�x7k+x*s�|1p"x�q�n%t�x�n�q�kPztk�pkz�y+v�k�o%z�|6o%t�kPp}k��Rk6t�x"wA�Zk�p1r

D B�� � Za��V\[ ��POV XLP K�Z ��!������HPOV��cP

� v�q@}�p}|1�bjdw�q^z�y��yo w�n@o@k;z�y+v�k�o%z@|so%t�kOv@n w�pNz�y6tas |sq@y;s�k�p�jd��Krk+x�pN��vy|6q"x@w�t�wAvy|6o�x1{6o@jZn�p^|xjZo�x�q�jZo@p | |Ewlo�x�k�oy|6o�xs�k2|�|�w�o�x@w�k�oWz�kBs |8t�jYu y�q�kPo%t�k]z�k�p2z�y+v�k�o%z�|6o%t�kPp6r h kZt�jY|2v�jZq"x�k+|xk�o�x4z���oy|�|Bw�mZn�k2zRu n@o@kRz�y+v�k�o%z@|so%t�k
p@vJy6t�w$�yk8t�jd|B|_k�o�xms�k�p�k�o��bjdw�peztkZ|xk�p�p�|��bk ztjdwA�Zk�o�x � x�q�kRx�q�|�wAx@yPp_|1�yo[zRu�|6p�p�n@q�k�q_p�|itrjdu y�q�k�o%t�kYrF�)swk�p@xz�y6trq@wAxP��svu |Ew�z�kPzRu jYv%y�q�|�x�k�n@q�pOz�jZo�x1o@jbn@p1q4|Ev v�k+s�jZo@p;s�kFp�k�o�p6r
bca>�ca;d 	#�f�1
,�4l
��+�
 � ��l�)�fL� �WfL
"l
������ghl ��*
gK�H� j$#L+��

hRkB| |Ewlo�x"wlkPoMz�kBs�|Rt�jduby�q�k�oJt�kiz�k�p2z�y+vykPo%z@|6oJt�k�pZz�y+vykPo%z z�k2s�|�|�|6o wA}�q�k2z�jZo�xms�k�p?z�y+v�k�o%z@|so%t�k�pxp�jbo'x|_j z�y=sfw�p"y�k�p6r � o?|xj z�}+s�k}p"wA|2v s�k�k+x*oy|Ex�n@q�k+sRq�k+v�jZp�k�p�n@qks�|Ot�|sn@p4|EsfwAx"y1jZn?s�|Fp�nb�yjbqhz�w�oy|Ex@w�jZo?z�k�p�|_k�p�p4|E�Zk�p��
n@o@kOt�|6n�p�kOwA|2v sAw�mbn@k}n�o@kPt�jbo@p@y"mZn�k�o%t�kd{�n@o�k |Yt�x@w�jbo�o7u k�p@x;v�jZp�p@wA� s�k~mbn@kwp�jZn�p�t�k�q@x�|�w�o@k�p�trjZo%z�wAx"wljbo@p6r � ��ozRu w�o�x�q�j z�nbwlq�k2t�k�p o@jdx"w�jZo@p1{7o@jbn@p�|1�ZjZo�pPw�o�x�q�j z�n wAx4z�k�n�~MjYv%y�q�|�x�k�n@q�p1r-n1jZn�pmv@q@yPp�k�o�x�jbo@p?s�|xp@y+|�|6o�x@w�mbn@kz�k�pFjYv%y�q�|�x�k�n@q�p1{^trk_mZnbw o�jZn@pmt�jbo%z�n wAx�kPo@p�n wAx�k2�?v@q"y�p�k�o�x�k�q4s�| p@��o�x4|1~@k4ztnMt�jY|2v�jZq"x�k+|xk�o�x�z���oy|�|Bw mbn@k
k+x;s�kO|2y6tP|6o w�p@|xk�z�kO�%sAx�q4|��bk�n x"wAsfw�p"ydr
�! �"�d6e Y�(�+�d�#"Z

n1jYx�q�km|_j z�}+s�kFk�p"xPt�jbo?��n8vyjbn@q�v�k�q@|xk+x@x�q�kms�|?z�ya�yo wAx@w�jZoRz�k�o@jZn �bk�|6n�~-jYv%yPq4|�x�k�n@q�p ���ZjYwlq1kPo/= r = r��wk+x�kPo
, r Q4�+rHn1jZn�p1o@jZn@p;sAwA|2wAx�jZo@pNw�t�w\�cs�|�v@q@yPp�k�o�x4|Ex@w�jZoRz�kPp�jdvJy�q�|�x�kPn@q�p\���"��r��"~"�~k=x���~�������� ��~������ �/r



��� �vo�x@y=�Zq4|Ex@w�jZo�z@|6o�p1n@o�|_j z�}+s�kP�?tas |sp�p�k�p ��slk�s�|6o ��|��Zk���h��

���  HXRV	( #BZihDu jdvJy�q4|Ex�k�n@q����"�+r�� ~"�~|sp�p�j�tawlkFn@o 9;�?< <�.
	)�@��5%9w0 �E�4<�.���563�2	���m�Fn@o@kO|By+x@u@j z�k�
�r3M�k+x@x�k�|By+x@u��
j z�k k�p@x/|Ev v�k+sAy�k8�'���E� �E� ���@.%�4�	�=re�wkms�|B| � |_k�|�|6o wA}�q�k/mbn@kcslkPp4t�jZo�x�q4|�w�o�x�kPp�ztk_^�Q L��RLRV ;�� HRE ,���I�jZnz�k���E =�� T7N ;�� LRQRE A (E��I@{Zn�oZ|xk�p�p�|��bkPt�jY|2v�k�o@p4|Ex�jYwlq�kOvyk�q"|_k+x�ztk�z�y��yo w�q1n@o@ka|Yt�x@w�jZo�mbn wRk�p@xwk��Rk6t�x�nby�k
|�v�q@}�p�s�u k�~ y6trn x@w�jZo�z�kms�|�|2y+x"u@j z�k~|snymbn@k+s\s�kO|_kPp�p4|E�ZkOt�jd|Bvyk�o�p4|�x�jdw�q�kFk�p"x~|sp�p�j t�wAydr

� o |_kPp�p4|E�Zk�o7u wA|2v sAw�mbn@k?z�kR|_kPp�p4|E�Zk�t�jd|Bvyk�o�p4|�x�jdw�q�kBmbn@k�p@w�s�kZ|xk�p�p�|��bk kPp@x_kPo'�bj��dy��Un@o\jd��K�k+xvy|sq@x@w�t�wAvy|so�x�� n@o�k�z�y+vykPo%z@|6oJt�k4v�jZn�q;s |bmbn@k+sAs�k�n@o�x�k=s\|_kPp�p4|E�ZkFk�p"xPz�y6taslkPo%t"uy|6o�x6r
� /;: 4���()!��9*)!Q:</1*,+F�K(�47$547P�( *,!Q:</1*)+�-K!�()*./�()0�!?>=@�>=A�B3CED�@3F�HEI.J�B *)P�()(,+#!9!�(��VL� �L !	)
6"65�.4��$*9:�=�0"<�K�CD2����.;�2�-":E6F:�=�4�5�-\*��.-��.4�5"m *R5�-":�?.;�=�C"C /�"%"%P�0G47! *,P8(,0 :7! �1!�"%"3/"�8! 0�P�� -K!�()"3/�$%P�4��%!
6F:�=�4�5�- *��.-��.4�5"m\*R5�-":�?.;�=�C�# :</ �1+�$$#)P�*)! *)+�0G:7!�()0%#./�(�$%!?*)! "%+3:7!�0�$%!�&��9�.4�� L � P��%"9��& � &)( � !�"%"3/"�8! *)!
"%+3:7!�0�$%!�&��9�.4�� !�"%$1!#(�6�PA��+ # : � P����Y!�$1*)+�"54���()+?-K/A�;:</?68/��54</A�V:7! /�0�$54768!\*9:�=�0"<�K��K:7!]�1!�"%"3/"�8!D:�=�4�5�- !�"%$
!#(�6�PA��+ # : � P��	�%!#$ *)+�"54���()+ -./�� :</ 68/��54</A�V:7! /�0�$5476�!�*��.-��.4�5"m /�68!�0?0�P��$�1! /��$�8&��1!#(�$ :7!J�%+�"%&�:7$3/�$ *,&
� !�"%"3/"�8!;�.4�� L

&w(�d'� V Y�Y�(@')(FV+* Z h*u jYv%y�q�|�x�k�n@q���~��������"��~��������_|6p�p�j t�w�k�n@o@k,	Z.62	�'���xn@oi|xk�p�p�|��bkdr � o@k?��|6q�z�k/kPp@xan@o�k
k�~ v@q�k�p�p"wljboi��j�jdsAy�k�o�o@k/mbn w�p@vJy6t�w$�yk p�jbn@p~mbn@k+sAs�k4t�jbo%z�wAx@w�jboZs�kO|_kPp�p4|E�Zk/|snymbn@k+s&k+sAslk�k�p@xF|6p�p�j t�wAy�k4v�jZn�q�q4|
� x�q�k/|sn x�jbq@w�p@ydr*h k�p���|6q�z�k�p1p�jbo�x1p�n v v�jZp"y�k�pFo@k �v|�w�q�kF|6n%t�n�o k\� k+xOz�km��jZq�z/r

� /;: 4���()!�-1*)!Q:</1*,+F�K(�47$547P�( *,!Q:</1*)+�-K!�()*./�()0�!?>=@�>=A�B3CED�@3F�HEI.J�B !�(��VL� �L !	)
6"65�.4��$*9:�=�0"<�K�C1�.-�5���2A="=�-�8K�"2�N^6R@.4�=K�AN�?.;";"I *��.-��.4�5"m�C"C9"%-K+#0G4��K! ��& � &,(w�1!�"%"3/���! *,!?"%+G:7!#0�$%!�&�� �.4��
(�� !�"%$ !���+�0�&)$%+9"%&�� *9:�=�0"<�K\��&)!�"54 *��.-��.4�5"m�( � !�"%$ -K/�" -V:7!G47()!�L

( )filtre variable active liste de symbolessymbole

*

action symbole variable active liste d’arguments

définition locale de méthode

comportement
dynamique ( )

règles d’interaction
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((push  :pile  valeur)    implies    (add :graphique (int-to-pixels  valeur))
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Implémentation

Ouverte

MOP ou interface du méta-langage

Interface traditionnelle du langage de base
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Langages résultants de la 

modification de certains

aspects du langage ouvert

Points particularisables

changement d’un aspect du langage

Une région de langages :

Un langage ouvert 
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La métaclasse répresentant les dépendances

B A

A est instance de B

Légende

nom

définition de variables
valeurs de variables

ou de méthodes

.........

Meta-Link

Instance de Meta-Link
Dépendance =

Dépendances effectives

..behavior, accessor

behavior:

Exclusion
Mutuelle

active

select -> ....
deselect -> ....
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A B

A B

Légende

Class

Controller
Object

Link

Link
Meta

mémori-
sée-par

une classe

A est instance de B

A hérite de B
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find-action
give-args

give-behavior
give-inheritance
give-accessors

firing
verify-guard

Sous-classes de Link

register-link
unregister-link

links
objects

control
get-links

invoque

Légende
Définition

Maintien
introspection

Déclaration

Meta-Link

Link

inherit-behavior
rename-active-and inherit-access

Sous-classes de Meta-Link
inherit-operator

check-and-error

establish-link
remove-link

add-object-in-link
remove-object-in-link

give
give-all-objects
operators

Controller

change-compatible
find-compatible-controller

is-compatible?

make 

action-before-effective
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un sujet   un observateur  un autre observateur

GetState()

Udpate()

GetState()

Update()

Notify()

SetState()
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for all o in observers
{ o->Udpate()}

Attach(Obsverver)
Detach(Obsverver)
Notify()

Subject

GetState()

ConcreteSubject

subjectState

return SubjectState

Observer
Update()

observerState

Update()

ConcreteObserver

observerState =

subject->GetState()

observers

subject
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(send Colored-Point
         ’lookup ’x...) ...)
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(apply

meta redirection

alors rendre méthode trouvée
sinon recherche dans la superclasse

        ’Control
(send a-controller

’lookup ’msg...)

apply lookup & fire links

(get-method Object ’msg)

(send a-controller
    ’Control
     ’lookup ’msg...)

apply lookup & fire links

 Object

si recherche-succès?

si recherche-succès?
alors rendre méthode trouvée
sinon

      si (méthode dans superclasse)
      alors la rendre
     sinon émettre erreur

une classe

sémantique 

Légende

(send cp2 ’msg)

cp2

inherit
w-error

inherit
Colored
   Point

(send Point ’lookup ’msg...)

Point

Con-
troller

from
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(send Class ’msg) 
(send Class ’lookup ’msg ...)

(send a-controller ’Control
          ’lookup ....)

(send Controller ’lookup

(send Class ’lookup ’lookup ...)
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